Multiphase Evolution and Variational Image Classification by Samson, Christophe et al.
HAL Id: inria-00073010
https://hal.inria.fr/inria-00073010
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Multiphase Evolution and Variational Image
Classification
Christophe Samson, Laure Blanc-Féraud, Gilles Aubert, Josiane Zerubia
To cite this version:
Christophe Samson, Laure Blanc-Féraud, Gilles Aubert, Josiane Zerubia. Multiphase Evolution and
Variational Image Classification. RR-3662, INRIA. 1999. ￿inria-00073010￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Multiphase Evolution and Variational Image
Classification
Christophe Samson — Laure Blanc-Féraud — Gilles Aubert — Josiane Zerubia
N° 3662
Avril 1999
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
  	
 !	"$#&%'(
) 	*	+-,."
/10!24365798&:!0;=<>@?A548&BDCFEG>IH!24;KJ1LM>@B!NPOQSRT2U>IH!VDCFWX3YL6LY;T5Z-H[\;]247_^`CbaI8I5U36>IB!;$c.;T24H![!36>
d"egf9hjiklnmporq	i9st`u9qvxw`oAegw`hXhjiUyzhKt`ue{v|ogi~}
v|hKtTi_}{w`o{og_i_}gu_w`o{otTvx	tTogu_i_
s	wTi9qsvYtTot
1tT{w`sq{is	i_uegi9s	u	egio*Dk~~~lnbIsv|G~~lnr-tTi_
$._]{ d"e{vxs	i9!w`sq{s	i_	i9orq	-t={!i9s@vx	i_u9Yt`v¡ utTqvxw`o¢hjwI{i9G£t`	i_w`o¤t=~tTsv¡y
tTqvxw`otTGtT{{s	wt`ueF¥d"e{vx¦hjw@{i9.vx¦{i9w`q	i_§q	wj gogtTow`{qv|hKtTDtTsqv|qvxw`o¢u_w`hXw`{og§wT¨
egw`hjw`i9ogi_w`g¦u9Yt`	i_©ªv|qe«s	i9~{YtTsv|o@q	i9s¬¨­t`u_i_¥"®¢is	i9{s	i_	i9o@qqegis	i9~vxw`ogwT¨Gqegiv|hKtTi
{iU gogi_£@¯°qegi±u9Yt`	i_jtTogqegi9v|sXv|orq	i9s¬¨zt`u_i_X£r¯²xi9i9	i9q-¨³{ogu9qvxw`og}´tTog©Si±{iU gogiAt
¨³{ogu9qvxw`otT"©ªegw~	i$hXv|o{v|h{hvxXtTo²w`{qv|hKtT"tTsqv|qvxw`oF¥d"egiµu_w`{{xi_.tTsqvYtT¶1v¡·¸i9s	i9o&y
qvYtTS¹Gº@tTqvxw`ogµ»³G¶¦¹´¼s	i9YtTq	i_¤q	wqegijhXv|o{v|hXv|½PtTqvxw`o¾wT¨ªqegi¨M{ogu9qvxw`otTªtTs	iKu_w`og	vx{i9s	i_
qe{s	w`{~e¿t²&¯IotThXvxutT	u	egi9hji~¥ÁÀ1v|i9o¿tToÂv|o{v|qvYtTv|orq	i9s¬¨zt`u_i	i9q¢»M½i9s	wxi9i9	i9q4¼U}qegi
&v¡·¸i9s	i9orqKq	i9shjjwT¨qegi±G¶¦¹ÃÄµtTs	i=wi9so{v|o{¢qegihjw`qvxw`oÅwT¨1v|o@q	i9s¬¨­t`u_i_j	gu	eÅqetTq}"tTq
u_w`o@i9si9ogu_i~}©Sii9qtToÆw`{qv|hKtTbtTsqv|qvxw`o«t`{iU gogi_ÆtT£!wi~¥S¹Çt`u	eÆv|orq	i9s¬¨zt`u_ivx~{vx{i_
£@¯jv|orq	i9sotT¨­w`s	u_i_»Ms	i9~{YtTsv|qÈ¯=wT¨Fqegiv|o@q	i9s¬¨­t`u_iP¼U}gtTogµiUÉIq	i9sotT¸w`ogi_»³gtTqtq	i9sh}Iogw~t`uUy
{{h}gogwXs	i9~vxw`ogwPi9sYtT{{v|o{@¼U¥´®¢iu_w`og&gu9q	i_A	i9i9stTbiUÉ&!i9sv|hji9orq	w`oA£w`qeA	¯@o@qegi9qvxu
tTo±s	itTbv|hKtTi_¥
ÊËÌ!Í	ÎÏ ]Ð.ÒÑ tTsvYtTqvxw`otTDhjwI{i9z}u9Yt`v¡ utTqvxw`oF}!YtT£i9||v|o{g}xi9i9D	i9q¨³w`sh{YtTqvxw`oF}Ft`uUy
qv|is	i9~vxw`og}t`u9qv|iu_w`o@q	w`{s	}{h{|qv|{et`i~}*tTq	i9||v|q	iv|hKtTi_¥
Ó¸ÔIÕÖ~×4ØÈÕ	Ùz×UÚÄØzÛbÜ]Ý ÞÇÝUß]ÚàÛ¬á`ßP×Uâ]âTãäDå1æµç4ç9è_é\êë.æ.ìíä.â]ÚïîUÛðØzñ­ÚÄÙzã¸ß]Û!ë\ÚïòðÛðóMìP×4ôTõTÚïÕ\Þ\â_ÙzÚàô~×UöàÚàñ¬í_÷Uçé÷4øDë.ÚïòðÛ
êÛß]Ûðù1è_í~ú&æ\Þ\ëê!û
¢	 Å
   -¬!		Â. ) 	**+,."	 z#&%'(
- %'G ´ "	G
 	
   ¶tTog=u_iAstT{!w`sq}ªogw`gµ{s	_	i9o@q	w`og${o hjwI{f9xiÆ{i«u9Yt`	v¡ utTqvxw`o {!i9s¬y
Ivx	_iX£t`K{s{ogi$tT{{s	wIu	egi$`tTsvYtTqvxw`o{ogi9|xi~¥1w`g-	w`{etTv|q	w`ogw`£{q	i9o{v|s-{ogijtTsqv|qvxw`o
w`{qv|hKtTxi{i"zÃ v|hKtTiªu_w`ogqv|qg_i{iªu9Yt`		i_Degw`hjw`f9ogi_´	9tTs	_i_tTsG{i_Dv|o@q	i9s¬¨­t`u_i_Çs	9~&y
|vxf9s	i_P¥\w`{su_i9Yt&}Iogw`g"s	i9{s	_	i9o@q	w`ogªxi_Ss	9~vxw`ogª{U go{vxi_"tTsSxi_"u9Yt`	i_"tTv|og	vº@gi1xi9{s	
v|o@q	i9s¬¨­t`u_i_1tTs1{i_¨­w`ogu9qvxw`og¦¸ÃÄi9og	i9h£{xi_¦{io{v|itT&É¸¥1w`g{U go{vx	w`og{ogi¨­w`ogu9qvxw`o&y
ogi9|xi	{s"u_i_ªi9ogi9h£{xi_{i1o{v|itT&É±{w`orqxi1hXv|o{v|h{h i_qª{ogi1tTsqv|qvxw`oAw`{qv|hKtTxi~¥bi_
¹ÇºrtTqvxw`og¦tT&É¶19sv|_i_1DtTsqvxi9|xi_j»³¹G¶¦´¼"s	i9YtTqv|i_XYtjhXv|o{v|hXvxtTqvxw`o«{iYt¨­w`ogu9qvxw`o&y
ogi9|xi	w`orqu_w`{{x_i_i9qª{xw`o{_i_gtTog{ogi	u	eg9hKtj&¯@otThXvxº@gi~¥Ç¹o= {ÉgtTorq{oi9og	i9h£{xi
{iKo{v|itT&É¤v|o{v|qvYtTz}Dxi_-&v¡·!9s	i9o@q	q	i9shji_{i_¹G¶¦ ~{vx{i9orqzÃÄ9w`|{qvxw`o¾{i_v|o@q	i9s¬¨­t`u_i_
»³i9ogi9h£{xi_¦{io{v|itT&ÉA½9s	wr¼i9s	xi_¨³s	w`orqvxf9s	i_¦{iYtXtTsqv|qvxw`ow`{qv|hKtTxi~}tTsxi£{vYtTvx
{i¨³w`s	u_i_v|orq	i9sogi_»Ms	9~{YtTsv|q	{izÃ v|orq	i9s¬¨zt`u_iP¼i9qiUÉIq	i9sogi_»­tTqqt`u	egitT&É{w`o{og_i_i9qt`
{iu	egi9~tTgu	egi9hji9o@q{i_s	9~vxw`og1o{v\{i@vx{igtTogYtjtTsqv|qvxw`o*¼U¥1w`g1tw`og¦iU·!i_u9qg{i
ogw`h£{s	i9&Éq	i_q	{s{i_v|hKtTi_¯Iorqeg9qvxº@gi_tTv|ogvFº@gi{s{i_v|hKtTi_ªs	_i9|xi_¥
 Ï  Í    w@{f9xiG`tTsvYtTqvxw`o{ogi9z}`u9Yt`	v¡ utTqvxw`o-¸Ã v|hKtTi_}]¨³w`sh{YtTqvxw`otTs.i9og	i9h£{xi_
{i¦o{v|itT&É¸}{s	9~vxw`og1t`u9qv|i_}gu_w`orq	w`{s	¦t`u9qv¡¨­}&{et`	i_ªh{|qv|{xi_}gv|hKtTi_tTq	i9||v|qtTv|s	i_¥
 
	 !"#$%#&')(+*,-## .0/1$ k
) G
2 34  Ï Ð \~65 Ï 4 7
8 3 
¤!9 Ë  6{P65;:.&65 Ï 4 {j=<\{]65665 Ï 4 5 4 9<. Ï   Ë 
 >
?   Y65@<BAb{ Ë 
 Ï Ð Ë C5 
¢!9 Ë M{D5E:D&65 Ï 4 5 4  Ë  
¤ ÏGF  ËIH*Ë S Ë  J
k&¥| s	i9|v|hXv|otTsvxi_ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ K
k&¥à  {|qv|{et`	i¦¨³{ogu9qvxw`otT ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ L
k&¥àk i9hKtTsNM±tT£!w`{qxi9o{~qehXv|o{v|hXv|½PtTqvxw`o'¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 
7   Y65@<BAb{ ËÆËIH*Ï  b65 Ï 4 PA Ë 
 Ë 2?
g¥| O@¯&q	i9h wT¨u_w`{{xi_G¶¦¹ÃÄ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 9
g¥à |w`sv|qe{h ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 9
>  Î  Ì  Ï 5 4  bÐ Ë  Ë _ Ï ]&65 Ï 4 <. Ï  Ë  2 >
P QSR < Ë 5 
 Ë 4  S Ë  6 2P
&¥| O@¯Iorqegi9qvxuv|hKtTi_ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 6K
&¥|~¥| 1w`o±ogw`vx¯µgtTqt ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 6K
&¥|~¥à 1w`vx¯$gtTqt ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ )L
&¥à itT¸v|hKtTi_Â¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 
J T Ï 4   \65 Ï 4 ? J
æ\æ â$U!VUç4ç9è
 * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
 #&* ,b	
mphKtTiu9Yt`		v¡ utTqvxw`oF}g©ªe{vxu	e«u_w`ogvxq	wT¨Çt`		v|~o{v|o{$tYtT£!i9Fq	wjit`u	eÆ{v¡É&i9FwT¨ÇtToAw`£gi9si_
v|hKtTi~}Dvx-w`ogiµwT¨qegiK£t`vxu${s	w`£{xi9hj-v|o°v|hKtTi${s	wIu_i_	v|o{g¥Ad"e{vxu_w`ogu_i9sog-hKtTor¯²tT&y
{|vxutTqvxw`og1t`}&¨­w`sªv|ogqtTogu_i~}gYtTogg	ihKtTotTi9hji9orq1v|oq	i9xi_{i9q	i_u9qvxw`oF¥Sd"egiu9Yt`		v¡ utTqvxw`o
{s	w`£{xi9h vxGu9xw~	i9|¯-s	i9YtTq	i_Xq	w¦qegi	i9~hji9o@qtTqvxw`o$w`ogi~}~v|ojqegiªi9og	i"qetTq©´iª©"tTorq´q	w¦i9q´t
tTsqv|qvxw`o§u_w`hX!w`{ogAwT¨egw`hjw`i9ogi_w`g1s	i9~vxw`og¥ i9i9sqegi9xi_}g©ªv|qe{v|o«qegiu9Yt`		v¡ utTqvxw`o
{s	wIu_i_&{s	i~}it`ueÆtTsqv|qvxw`oÆs	i9{s	i_	i9orq	¦tXu9Yt`	P}gvz¥Äi~¥"tX	i9qwT¨{v¡É{i9x©ªv|qeAqegitThjiYtT£!i9z¥
mpo±qegi¦¨­w`|xw©ªv|o{g}*qegi¦¨­itTq{s	iu9sv|q	i9svxw`oA©SitTs	iv|o@q	i9s	i_q	i_v|ovxqegitTqvYtTb&vxqsv|£{{qvxw`o
wT¨Fv|o@q	i9ogv|qÈ¯«»³w`s´~s	i9¯Xxi9i96¼U¥Gd"e{vx´©´w`sNMKqtMi_´{Yt`u_iv|oKqegii9ogi9stT*¨MstThji9©Sw`sNM$wT¨b{!i9s¬y
Ivx	i_u9Yt`v¡ utTqvxw`oÆ©ªe{vxueÆhjitTog1qetTqqegior{h£i9stTogAqegitTstThji9q	i9s	¦wT¨Gqegiu9Yt`	i_
tTs	iCM@ogwP©ªoF¥Sd"egi{s	w`w~i_±hji9qegw@Æu_w`{x£!iiUÉ&q	i9og{i_q	wjw`qegi9s1&vx	u9sv|hXv|otTorq¨³itTq{s	i_
qetToA~s	i9¯ryzxi9i9b	gu	eÆt`ªq	iUÉ&q{s	i¦¨­w`sªv|ogqtTogu_i~¥Gd"egi{og	{i9sIvx	i_±ut`	i~}&v|ogu9|g&v|o{=t-t]y
stThji9q	i9si_qv|hKtTqvxw`oÆutTtT£{v||v|qp¯}g©ªv||F£!iqg&vxi_±v|o±qegi¦¨³{q{s	i~¥
 tTor¯²u9Yt`	v¡ utTqvxw`o¾hjwI{i9xet_i=£!i_i9oÅ{i9i9xw`i_©ªv|qe¾qsgu9q{stTªogw`qvxw`og$t`s	i9~vxw`o
~s	wP©ªv|o{§hji9qegw@{¨­w`s-iUÉgtThX{xiàÈ}.w`s-£r¯°q	w@uet`qvxu±tT{{s	wt`u	eÅt`-v|oà&}Dk&} KI} L{}´k{}
 &}"6K!È}D£{{qstTs	i9|¯¤v|oqegiK i9xwT¨~tTsvYtTqvxw`otTªtT{{s	wt`ueF¥¤mpoà~g}.~k"ª©´iµ{s	w`!w~	i_¾t
	{i9sIvx	i_X~tTsvYtTqvxw`otT¸u9Yt`	v¡ utTqvxw`oµhjw@{i9*£t`	i_$w`o$#"tTe{o&y&%v|||vYtTs	µhjwI{i9x}r	gu	eµqetTq
qegi$	w`|{qvxw`o¤©Siji9qvxu_w`hX!w`{og°wT¨ªegw`hjw`i9ogi_w`g-s	i9~vxw`ogi9tTstTq	i_¢£r¯s	i9~{YtTsv|½i_
£!w`{oggtTsvxi_¥Âd"egiAu9Yt`	i_$tTs	iÆu_w`ogvx{i9s	i_ t`K{et`	i_$i9tTstTq	i_Å£r¯¾v|o@q	i9s¬¨­t`u_i_$£!w`{ogIy
tTsvxi_P¥d"egihjw@{i9.©St`¦{i9i9xw`!i_Æqe{s	w`{~eu_w`ogvx{i9stTqvxw`ogwT¨Gs	i9~{YtTsv|qp¯Æw`o«qegi{et`i_
£@¯j{iU go{v|o{t	i9q´wT¨!¨³{ogu9qvxw`otTxS©ªegw~	iiUÉ&i_u9q	i_KhXv|o{v|h{h tTq´u_w`o@i9si9ogu_i1vxStTo$v|hKtTi
©ªv|qeÆiUÉI!i_u9q	i_={s	w`i9sqvxi_wT¨.s	i9~{YtTsv|qp¯¥
%1i9s	i9v|oF}Dqegi±tT{{s	wt`u	evx&v¡·!i9s	i9o@q}hKtTv|o{|¯¤£!i_utTg	i$qegiK{s	w`!w~	i_°hjw@{i9"vx£t`	i_²w`o
t`u9qv|iu_w`orq	w`{s	}¸tTogAqegi¨³{ogu9qvxw`otT\wT¨v|orq	i9s	i_q1vx{iU gogi_«wi9s1qegis	i9~vxw`og©ªv|qe«t`	wTy
u9vYtTq	i_Æv|orq	i9s¬¨zt`u_i_1qe{s	w`{~e¢tXxi9i9D	i9qhjwI{i9z¥d"egis	i_{|qv|o{=&¯@otThXvxutTD.tTsqvYtT¶1v¡·¸i9s¬y
i9o@qvYtTb¹Gº@tTqvxw`og»³G¶¦¹ÃÄU¼U}{wi9so{v|o{$qegii9w`|{qvxw`oAwT¨Dqegi	i9qwT¨.v|o@q	i9s¬¨­t`u_i_P}gu_w`ogvxqwT¨
tjhjwIv|o{K¨³s	w`orq¦u_w`ori9s~v|o{=q	wµtXs	i9~{YtTsv|½i_«tTsqv|qvxw`oF¥d"e{vxhjw@{i9.vxv|og	{v|s	i_A£@¯±qegi
©Sw`sNMwT¨'*et`w$i9q )(tT£!w`{qh{|qv|{et`	ii9w`|{qvxw`o*à"È}!tTogqtMi_{Yt`u_iv|oAqegii9ogi9stT
¨³stThji9©´w`sNMÆwT¨´t`u9qv|i-u_w`o@q	w`{s	+ },&}.&}\"\¨³w`s1s	i9~vxw`o§	i9~hji9orqtTqvxw`o-|{}&}*~È¥®¢i
gi1txi9i9¸	i9qS¨³w`sh{YtTqvxw`o.|)L!©ªe{vxu	e±vxªu_w`ori9o{vxi9o@qq	w-©ªsv|q	i¨M{ogu9qvxw`otTF{i9!i9og&v|o{Xw`o
s	i9~vxw`ogtTog§u_w`orq	w`{s	P}FtTog§tT|xwP©tKuetTo{iwT¨Çq	w`w`xw`~¯ÆwT¨Çqegii9w`|Iv|o{µ¨Ms	w`o@q	¥¦¹Çt`u	e
t`u9qv|iv|orq	i9s¬¨zt`u_i1vx´u_w`{{xi_µq	wqegiw`qegi9s"w`ogi_Sqe{s	w`{~e±tq	i9sh©ªe{vxue=i9otT|v|½i_"wi9sYtT&y
{v|o{As	i9~vxw`og$»Mvz¥Äi~¥j{v¡É{i9x©ªv|qe¤qÈ©´wAYtT£i9xU¼tTogqegi¨­w`shKtTqvxw`o¤wT¨ª`t`u9{{h »Mvz¥Äi~¥j{v¡É{i9x
©ªv|qegw`{qtTor¯AYtT£i96¼U¥d"egi-i9w`|{qvxw`owT¨Çit`u	e«v|orq	i9s¬¨zt`u_ivx~{vx{i_Æ£r¯±¨­w`s	u_i_qetTq1v|hX!w~	i
qegiª¨³w`|xwP©ªv|o{u_w`ogqstTv|o@q	0/\qegiv|o@q	i9s¬¨­t`u_iiUÉIe{v|£{v|q	St¦hXv|o{v|hKtT!i9sv|hji9q	i9s1»Mv|o@q	i9sotTg¨­w`s	u_iP¼
tTogv|qi9ogu9xw~	i_w`ogitTogw`o{|¯=w`ogiegw`hjw`i9ogi_w`g1u9Yt`	»³iUÉ&q	i9sotT¸¨­w`s	u_iP¼U¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ 
 .v|s	q}b©´i$qtTq	ijqegiX{s	w`£{xi9h wT¨u9Yt`	v¡ utTqvxw`ot`t=tTsqv|qvxw`o{v|o{«{s	w`£{xi9h¥=®¢iju9xitTs|¯
i9q-qegi$¨³stThji9©´w`sNM¾tTog¾{iU gogi=qegi={s	w`i9sqvxi_©Si±iUÉI!i_u9qXw`o¾qegi=u9Yt`	v¡ utTqvxw`oF¥ OIi_uUy
w`og¸}´©´iÆiUÉI!w~	i=qegiu9Yt`v¡ utTqvxw`o qtTq	i9hji9o@qKqe{s	w`{~e txi9i9	i9q¨­w`sh{YtTqvxw`oF¥ d"egi
¹G{xi9s¬y btT~stTo{i={i9sv|`tTqv|iµwT¨ªqegiK{s	w`!w~	i_¨³{ogu9qvxw`otTÇxit`{q	wÆtA&¯@otThXvxutT"	uegi9hji
©Siµ{s	w`w~	iµq	w«v|hX{xi9hji9orq¥°®¢iµqegi9o{s	w`w~	iµq	w«v|orqs	wI&gu_itÆs	i_q	w`stTqvxw`o¾{s	wIu_i_	v|o
qegi=hjwI{i9©ªe{vxue !i9shXv|q	Xq	w{itT©ªv|qe {i9~st`gtTq	i_ gtTqt&¥¾®¢iµ gotT||¯{s	i_	i9orqµ	w`hji
iUÉ&!i9sv|hji9orqtTbs	i_	{|q	w`o£!w`qe¯@o@qegi9qvxutTog±s	itTFv|hKtTi_P}tTogtTx	wjw`o±ogw`vx¯=gtTqt&¥
 #&% ( ,D	*	+-,."   - ¬-( - -G%
d"e{vxªi_u9qvxw`oµvx"{i9w`q	i_=q	w-{s	i_	i9o@qªqegi{s	w`!i9sqvxi_"©´i1©"tTorqqegi¦u9Yt`	v¡ utTqvxw`o=hjwI{i9¸q	w
4tTqvx¬¨M¯¥±mpo¢qegiK¨³w`|xwP©ªv|o{g}D©´iµu_w`ogvx{i9s-tÆu9Yt`	v¡ utTqvxw`o²{s	w`£{xi9h v|o¤©ªe{vxu	e¾t±tTsqv|qvxw`o
wT¨qegiµw`£gi9si_²gtTqtT}G©ªv|qe²s	i_	i_u9q-q	w«qegiK{s	i_{iU gogi_Åu9Yt`	i_}Dvx	itTs	u	egi_¸¥¤d"e{vx
tTsqv|qvxw`o$vxGu_w`hX!w`{ogjwT¨egw`hjw`i9ogi_w`g´s	i9~vxw`og}@t_¯qegiªu9Yt`		i_P}	i9tTstTq	i_j£@¯s	i9~{YtTs¬y
v|½i_Av|orq	i9s¬¨zt`u_i_¥%1i9s	i9v|oF}g©Si{{!w~	iqetTqqegiu9Yt`	i_etit$ÀtTg	vYtToÆ&vx	qsv|£{{qvxw`o«wT¨
v|o@q	i9ogv|qÈ¯}&qegi9s	iU¨­w`s	i¦tu9Yt`	´vxSu	etTst`u9q	i9sv|½i_=£r¯Kv|q	ÇhjitTo	
btTogKv|q	SqtToggtTs	={i9IvYtTqvxw`o
 
 ¥d"egio@{h£!i9s wT¨"u9Yt`		i_tTog«qegitTstThji9q	i9s	 
  

  tTs	i{{w~i_Æq	wµ£!i
~v|i9o°¨³s	w`h tA{s	i9@vxw`gi_qv|hKtTqvxw`oF¥«®¢i=u	egwIw~	i$q	w«t`v|~o°qegi$YtT£!i9´~tT|gi
q	wÆit`ue
i9xi9hji9o@qwT¨Dqegi¦v "!Xu9Yt`	¥Ç|¸v|og{iUÉ{i_#Çw`s%$=tTs	iw`v|o{X¨³s	w`h ¦q	w¥
bi9q'&¿£itTo§w`i9o«{w`hKtTv|o§	{£g	i9q1wT¨%(*)K©ªv|qe§hjw@w`qe«£!w`{oggtTs¯}!tTogÆxi9q'+-,.&0/1(
s	i9{s	i_i9orqqegiw`£gi9si_gtTqt-¨³{ogu9qvxw`oF¥ Fi9q2& 
 £!i¦qegis	i9~vxw`oA{iU gogi_Æt`
&3
547698;:<&>=?8Æ£i9xw`o{q	wqegivA@CBXu9Yt`	EDGF »¬P¼
 tTsqv|qvxw`o{v|o{$wT¨%& u_w`ogvx	q	wT¨\ gog&v|o{µt	i9qH6I& 
 D 
  gueqetTq»³	i_iJ .v|g¥ªP¼
&K4
L

 & 
 tTog & 
.M
ONQP & P 40R-F »­¼
®¢iogw`q	i'S 
 4UTV& 
XW & qegi£!w`{oggtTs¯$wT¨Fs	i9~vxw`o<& 
 »³iUÉ&u_i9{q	i_=qegi1u_w`hXhjw`o±w`v|o@q	S©ªv|qe
TV&¼U}gtTog±xi9qqegi¦v|orq	i9s¬¨zt`u_i£!i9qÈ©´i_i9oY& 
 tTog<& P £!i
S5
ZP[4\SP]
^4US5
 W SP W &'_a`V#b4c$XF »­k¼
®¢i¦eti
S 
 4 LPdNV
 S 
ZP F »M@¼
æ\æ â$U!VUç4ç9è
 * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
1Ω
Ω 3
Γ
Γ
Γ13
Ω 4
Γ12 14
24
23Γ
Γ13
Ω 2Γ
121Ω
 .v|~{s	ij/ 	


bi9q1s	i9hKtTsNM«qetTqv|oÅ»­k¼1tTogÅ»M@¼©SiXi9i9orqtT||¯§et_i S 
ZP 4 R¥®¢iogw`q	i S 
 qegiw`ogiUy
&v|hji9og	vxw`otT %1tTg{w`s¬·§hjit`	{s	iwT¨ S 
\i9sv¡¨³¯Iv|o{ S 
  4 P NV
  S 
ZP {tTogR  4 F »¼
d"egiu9Yt`		v¡ utTqvxw`o«hjwI{i9D©´iu_w`ogvx{i9s1¨­w`stTo«v|hKtTi  {iU gogi_wi9sJ&}vxt$i9q 6I& 
D9

{iU gogi_£r¯¢»¬P¼"tTogtTqvx¬¨³¯Iv|o{ /
!"$#&%('	)*'+",#.- / 6I& 
 D 
/ 02143165879/ 79/ :<;=:6> &@?
& 4 L 
 & 
 tTog & 
 M
ONQP & P 40R-F!"$#&%('	)*'+",#BA /DC&EF 3165G7H/ 7H/ :<; 6I& 
 D 
I/ 01KJML 10N0O/ PQJR179/ :<;:6>&7 EF :<SR0 F 5UT FWVXV 1R7N1 + 1Y; V7N1Z F 0[/;R7\:]1JWJW:<^Y;R7(7 EF`_ 1Y^R0N0O/a1Y; V / 0N7b5c/S^R79/ :<;d35e:<3 F 587gf`:6>h7 EF JML 1R0N0 F 0[i V 17N1j7 F 5lkIm ?
kj/;n/ok=/ p F  
q<r s6t +(u  
 
 v ) w / 7 E 5 F 0W3 F JO7x7\: & 
 F!"$#&%('	)*'+",#zy /DC&EF 3165G7H/ 7H/ :<;{/ 0]5 FO| ^YL 165}/;~7 EF 0 F ;R0 F 7 E 17I7 EF 0W^Yk:6>&7 EF L F ; | 7 E :6>/o;R7 F 5U>c1J F 0 S5
ZP / 0kj/;n/okj^Yk ?k=/;Y/k=/ p F  
 P 
ZP S5
ZP w / 7 E 5 F 0W3 F JO7$7\: S5
ZP   
ZPJ: ( 165 F P FWV  F
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ K
d"egi	w`|{qvxw`o=wT¨!qegiu9Yt`	v¡ utTqvxw`oµhjw@{i9{s	w`!w~	i_jv|o$qegiogiUÉ&q´	i_u9qvxw`o$et`Çq	wqtMiv|o@q	w
t`u_u_w`{o@q¦qegiqe{s	i_iu_w`og&v|qvxw`og¥¦d"e{vx1vx{w`ogi-£@¯Æt`		wIu9vYtTqv|o{=tX¨M{ogu9qvxw`otTDq	w$qegii9q1wT¨
v|o@q	i9s¬¨­t`u_i_gu	eAqetTqhXv|o{v|hXv|½i9s	©ªv||Fs	i_	i_u9q 	
	«tTog \¥
   	
 %'G %'( ,.+,\"!	 4 * !%' 
	DG=*.
d"egi1u9Yt`	v¡ utTqvxw`oµhjwI{i9{i9i9xw`!i_j¨³{sqegi9sSvxÇ£t`	i_$w`oµu_w`{{xi_=t`u9qv|iv|orq	i9s¬¨zt`u_i_}{tTog
qegiÆtT{{s	wt`u	eÂ©´i«t`{w`{qKvxjv|og	{v|s	i_¾¨³s	w`h '*et`w¤i9q  ( àÈ¥ d"egiÆi9w`|{qvxw`o wT¨it`ue
v|o@q	i9s¬¨­t`u_ivx¦~{vx{i_¢£r¯¨­w`s	u_i_u_w`ogqstTv|o{v|o{qegiXw`|{qvxw`oq	w$s	i_	i_u9q 		

tTog ¤iUÉI!w~	i_Æv|o§qegi{s	i9@vxw`g	i_u9qvxw`oF¥®¢igit$xi9i9	i9q1¨­w`sh{YtTqvxw`oq	wµs	i9{s	i_	i9orq
it`uev|orq	i9s¬¨zt`u_itTogÆtTx	wXit`u	es	i9~vxw`oY& 
 i9xi9hji9orqwT¨DqegitTsqv|qvxw`o 6I& 
 D 
 ¥
! #" $&%('*),+#-.+#/102%3+4'*5
bi9q76 
 , &98(;: / (Â£!it ¸v|g	u	e{v|q½¦¨³{ogu9qvxw`o±t`		wIu9vYtTq	i_Kq	ws	i9~vxw`o & 
 »M©´it`	{hjiqegi
iUÉ&vxq	i9ogu_iwT¨gu	e«t6 
 ¼Sgu	eqetTq<=> =? 6 
  8 A@ B  v¡¨ 8:<& 
6 
  8 A@  4 v¡¨ 8: S 
6 
  8 A@ C  w`qegi9s©ªvx	i F »­¼
d"e@g}Gqegiµs	i9~vxw`oK& 
 vxXi9orqv|s	i9|¯{i_	u9sv|£i_²£@¯¤qegiµ¨³{ogu9qvxw`oD6 
 »³	i_i	 .v|g¥¤k¼U¥¤mpo²qegi
¨­w`|xw©ªv|o{g}I¨­w`st-tMiwT¨Du9YtTsv|qÈ¯}&©Si¦©ªv||!w`hji9qv|hji_ªw`hXv|qtTqvYtT!tTstThji9q	i9s38ÆtTogµqv|hji
tTstThji9q	i9s @ v|o6 
  8 A@] ¥
bi9q{iU gogiXqegijtT{{s	w_É&v|hKtTqvxw`ogFEHG¢tTogJIGÆwT¨ª¶1v|st`ujtTog.%it@vx	vx{iX&vxqsv|£{{qvxw`og$»³uU¨¥
 .v|g¥G¼S©ªv|qeLK :	( :
E G #M  4ON ) G t(PQ9RTSVU HWVXG  v v¡¨ YM[Z\K v¡¨ YM B K » K~¼
I G #M  4 <==> ==?

) tVPQ XG Q W U^]`_  WVXG  v v¡¨&YMaZbKP v¡¨cM B K v¡¨cM C K »L¼
æ\æ â$U!VUç4ç9è
L * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
α−α
1
δ α
0.5
1/α
Η α
x
 .v|~{s	i / ,Y+ n
[R+
o	DR
`R$
o(R
bM
+


n
	+
Y+
oH
tTog©´ieti <=> =? EHG  r"!u+/ E t` K / V:I G   r"!u/ I t` K / V:
©ªegi9s	i$#  &  vxqegiXt`u_ijwT¨ª&vxqsv|£{{qvxw`og{iU gogi_¤wi9s &¥  gs	w`h »­¼U}x» K~¼tTogÅ»L¼1©SiutToA©ªsv|q	iK»³	i_iH .v|g¥Gk¼
698:<&2=&% ]('G) +* I G #6 
  8 A@  4 P D'4U& 
 »­¼
698Y:<&>=,% ]('G) +* E G #6 
  8 A@  b4 D[4US 
 F »¬ ¼! - .0/1)21(+4365c05 '879//;:<1(+>=/c0)
bi9q>+[, &K/ ( £i¦qegiw`£g	i9si_gtTqt»M~s	i9¯µxi9i9¸¨­w`sªv|ogqtTogu_iP¼U¥
d"etTo!M&´q	wqegixi9i9	i9q76 
 ÃÄ´{iU gogi_µv|o«»­¼´tTog$£r¯Xqegig	iwT¨´»­¼´tTogÆ»¬ ¼U}{ttTsqv|qvxw`o
6I& 
 D 
 s	i_	i_u9qv|o{ 		
  XtTog  XqtTq	i_v|o-	i_u9qvxw`oXutTo£iG¨³w`{ogqe{s	w`{~e-qegi
hXv|o{v|hXv|½PtTqvxw`o«wT¨t-~xw`£tTb¨M{ogu9qvxw`otT\{i9i9og&v|o{Kw`oAqegi 6 
¬ÃÄ¥d"e{vx"¨³{ogu9qvxw`otTbu_w`orqtTv|og
qe{s	i_iq	i9shj}git`u	e«w`ogi£!i9v|o{js	i9YtTq	i_q	wjw`ogiwT¨.qegiqe{s	i_iu_w`og&v|qvxw`og¥SmÈo±qegi¦¨­w`|xw©ªv|o{g}
©SiiUÉ&{s	i_	jit`u	e u_w`og&v|qvxw`o v|oÅq	i9sh wT¨¨³{ogu9qvxw`otThXv|o{v|hXv|½PtTqvxw`oF¥  v|o{v|hXv|½i9s	KwT¨¦qegi
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ 
                    
                    
                    
                    
                    
                    
          
                  
                  
                  
                  
                  
                  
         







                  
                  
                  
                  
                  
                  
         
Ω
φ
δα
>2α<
i
i
φ )i( Hα φ i )(
>α<
2 01 -1 -2 -3
 .v|~{s	ik /	lR+
oR 
 +
 
 
n
l\R x(N
 G+

6
R
+

    + 9
oR 	
I+ 
]  U U

+

 N 
	 
] 
o 
 Y  $ R	  

+

   HY 	4H6"!$# H+ 
o*G &%('8
) U*R 
=G +%$,'G-
2

*N
æ\æ â$U!VUç4ç9è
  * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
¨­w`|xw©ªv|o{j¨M{ogu9qvxw`otTx¦tTs	i{{!w~	i_=q	wjiUÉ&vxq¥
  	  

	V 
 	 b
\ 2 
D  
 
\ 2 

bi9q{iU gogiqegi¦¨­w`|xw©ªv|o{X¨³{ogu9qvxw`otT /
G #6  _9FAFAFA_ 6   4 q<r t  
 I G #6 
  u P v ) 8 ©ªv|qe  :	( : F »¬~P¼
d"egihXv|o{v|hXv|½PtTqvxw`owT¨ G }{t` K /  : }r!i9otT|v|½i_Sqegi¨­w`shKtTqvxw`o±wT¨b~t`u9{{h »M{v¡É{i9xS©ªv|qe
ogwYtT£!i96¼ªtTog±s	i9~vxw`ogwi9sYtT{{v|o{§»M{v¡É&i9x©ªv|qe±hjw`s	iqetToAw`ogiYtT£!i96¼U¥
  	  

	V 
 	 b
\ 2 
\  [
(\
 	
d.tM@v|o{v|orq	wt`u_u_w`{o@q´qegiw`£g	i9si_jgtTqttTogKqegiÀtTg	vYtToj&vx	qsv|£{{qvxw`oK{s	w`!i9sqÈ¯jwT¨!qegi
u9Yt`	i_}&©´iu_w`ogvx{i9s /
! G #6  _9FAFAFA_ 6  4  
" 
 qr I G #6 
    u  
  ) )
  8 ©ªv|qe " 
 : (3_`# F »¬¼
d"egi¨­tThXv||¯\6 6[D 
 hXv|o{v|hXv|½_v|o{#  G t`&K / V: xit`{Kq	w°ttTsqv|qvxw`o 6I& 
 D 
 tTqvx¨M¯Iv|o{ 	
bb¥
   2
$
	%V 
&	* 
  2 
  '(	**)
&+.,+ 
 	 *) .-
 	
-  &	,	a

d"egi¦Yt`	q"¨M{ogu9qvxw`otTF©Si¦©StTo@qq	wv|orqs	wI&gu_ivx"s	i9YtTq	i_±q	w 	
D «tT£!w`{qªqegi¦hXv|o&y
v|hXv|½PtTqvxw`o«wT¨.qegi¦v|o@q	i9s¬¨­t`u_i_xi9o{~qeF¥®¢i©Sw`{x±|v-Miq	whXv|o{v|hXv|½i
P  
 P  
ZP  S 
ZP  ©ªv|qe  
P £i9v|o{Xs	itT\u_w`ogqtTorq	IF »¬k¼
d"egi¨­t`u9q	w`s ) iUÉ&{s	i_		i_Çqegi¯IhXhji9qs¯S 
ZP 4\S P 
 tTog$©ªv||£!iªv|orqs	wI&gu_i_µv|ojqegi©´i9v|~erq¬yv|o{tTstThji9q	i9s	  
ZP ¥.®¢iªq{so$qegiªhXv|o{v|hXv|½PtTqvxw`o=wT¨!v|o@q	i9s¬¨­t`u_i_´xi9o{~qeKv|o@q	wqegiªhXv|o{v|hXv|½Pt]yqvxw`oÆwT¨.£!w`{oggtTsvxi_xi9o{~qe /
 

/ 
  S 
  ©ªv|qe / 
 £!i9v|o{js	itTbu_w`og	qtTorq	 F »¬9@¼
 gs	w`h »¬k¼tTogA»¬9@¼©´iw`£{qtTv|ojqegiu_w`ogqstTv|o@q  
ZP 4 / 
 Q0/ P ©ªe{vxueK!i9shXv|q	Gq	w	i9xi_u9qÇqegi©Si9v|~erqv|o{tTstThji9q	i9s	 / 
 v|o-qegi´{s	w`£{xi9h wT¨£!w`{oggtTsvxi_Dxi9o{~qehXv|o{v|hXv|½PtTqvxw`oXq	w1s	i9qsvxi9i
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ ~
qegiv|orq	i9s¬¨zt`u_i_xi9o{~qehXv|o{v|hXv|½PtTqvxw`o§w`ogi P¥ªu_u_w`s	&v|o{Kq	w bi9hXhKt±iUÉ&w~	i_=£!i9xw©}gqegi
hXv|o{v|hXv|½PtTqvxw`o«wT¨ª»¬9@¼"vxw`i9stTq	i_£r¯=hXv|o{v|hXv|½_v|o{Kqegi1¨³{ogu9qvxw`otTS»­t` K /  : ¼ /
G #6  _9FAFAFA_ 6   4  
 / 
 q<r E G #6 
   6 
   8F »¬ ¼
bi9qs	i_utT|Fqegi #SwtTs	it-¨­w`sh{Yt /
 A Ë@Ï  Ë 
 2 T Ï { Ë  FpÏ  
 M
	    ,*( ) / (    B 	G / @#/  
 :   (*)  0@! 
q   8     8    8<4 q  q! #"   8   M%$ '&
d"egi9oF}{¨Ms	w`hÁqegi #SwtTs	it¨³w`sh{YtX©´ii9q /
(ÇË 
 
¢ 2  /1/1"N@(  +@ 	"1 )I I@.  !     I@.  
 G #6 
O 4 q<r E G #6 
  8 A@   6 
  8 A@    8_
@! *)0C$
% ]('G)  1G^#6 
  4 q+Qs    M[4  S 
N F
,  Ï¸ÏF  v|o«qegi+#SwtTs	itK¨­w`sh{Yt&}!©Si-uegw@w~i   8  4 EHG^#6 
 8 A@  tTog-  8  4 6 
  8 A@  }
qegi9oA©´ieti
 G #6 
O 4 q'  q!+Qs #" E G #6 
  8 A@]  M $ &
4 q'  E G  &  q.+Qs #"  M/$ '&
0S¯=	i9qqv|o{21^ &  4 3 +Qs #"  M©Siw`£{qtTv|o
G#6 
  4 q EHG^ &  1^ &  &
65 !4 P K q G7 G t P Q RTSVU /8 &K  v 1^ &  '&9;: s6< =?>@ sBA s =DC E<s =DCBF : s?G sHC E<sHCJILKHMF : sNG sOCP =?>@ s E<s =DCBF : s?G s : =?>@ s C Es =QC?F : sR< =?>@ sOS
G sT G =%UC E<s =DC
æ\æ â$U!VUç4ç9è
 * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
mÈ¨\©SiqtMi 4 "G ©´ieti
 G #6 
O 4 P q 7  t P Q RTSVU  8    v 154K     
d"e@g}{©ªegi9oK / -©Siw`£{qtTv|o
% ]('G)  1G#6 
  4 P 1^l  q 7  t PQ RTSVU  8    v   4 15l  4 q.+ s    M'4  S 
 
l¾l
     -   2
#
d"egi{h G Q   G Q  G xit`{ªq	wXqegi~xw`£tT¸¨³{ogu9qvxw`otT /
 G #6  _9FAFAFA_ 6   4  
" 
 q r I G #6 
    u  
O ) )
  8 Q  
&/ 
 q r E G #6 
O  &6 
   8
Q   qr t  
 I G #6 
 u P v )  8 »¬¼
1;K/ V:´}TqegiS	w`|{qvxw`oX	i9q*6 6 
 D 
 hXv|o{v|hXv|½_v|o{ G #6  _9FAFAFA_ 6   }Tv¡¨gv|qDiUÉIvxq	´tTogt`u_u_w`s	Iy
v|o{Aq	w¤»­¼U}\{iU gogi_t±u9Yt`		v¡ utTqvxw`o°u_w`hX!w`{og¤wT¨"egw`hjw`i9ogi_w`g-u9Yt`	i_K»MqegiKwTyÈutT|xi_
& 
 	G#	¼"	i9tTstTq	i_±£@¯$s	i9~{YtTsv|½i_Æv|orq	i9s¬¨zt`u_i_¥
!  	 '*- 0%
 0 = /1L)#'*/ 15 -.+#/+#-.+a0"1(+>=	/
#Sw`og	vx{i9sqegixi9o{~qe±¨³{ogu9qvxw`otT /
2 @] 4 q   T A@ T @   @ »¬6K~¼
©ªegi9s	i6  A@] D @ vx1t$	i9q1wT¨Çu9xw~	i_AtTstThji9qsv|½i_¾» :   P ¼u9{si_¦wi9sH&¿	gu	e«qetTql A@] 4  P A@  tTog   "! @ ! @ 4#    ! @ ! @ ¥Gd"egi9oF}2 @] vx{i_u9s	it`	v|o{Khjw~qªstT{vx&|¯=v¡¨T  A@ 
T @ 4$&%' »¬)L¼
( 1*) Ùzõ]Û,+SÛpù]Úàñ³Ùí.-ªÚàâTÚ/-ªÚ/0¬ÛðØzñ12 s439s ñ­õT×Uá]öïß"Ö~Û ) ×UáTâTß"Úàâ"ÙzõTÛbñ­ô`ÕUòpÛ512 s768:95; *=< ;>DC ? 2 s C.@BADC S 8 U43
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ k
$¤£!i9v|o{ÆqegiKxw@utT"u9{s~tTq{s	i$wT¨  A@] tTog %'Òqegi$v|or©"tTs	°ogw`shKtTz¥ #´{si$i9w`|{qvxw`o
qe{s	w`{~e=G¶¦¹Â»¬)L¼Dvx0M@ogwP©ªoµt` & N$/ "#D "1 &'$$»³i_i |9g¨­w`sÇv|og	qtTogu_iP¼U¥ªu9qv|i
u_w`o@q	w`{s	ª~{vx{i_=£r¯»¬)L¼Çq	i9og{ªq	w-s	i9~{YtTsu9{si_ªv|o=qegi¦	i9og	i1qetTqªqegi1xi9o{~qe±vx"hXv|o{v¡y
hXv|½i_¸¥G¶¦¹ »¬)L¼utToA£!i©ªsv|qq	i9o«qe{s	w`{~e§tjxi9i9\	i9q¨³w`sh{YtTqvxw`o-|)L"\©ªe{vxu	e§vxhjw`s	i
u_w`o@i9o{vxi9orqªq	whKtTotTi1u9{si_S£{s	itMIv|o{tTog$hji9s~v|o{g¥G1	{hjiqetTq  , & 8 (1: / ( vx
t-hjwIw`qe±u_w`orqv|o@gw`g¨³{ogu9qvxw`ogu	e±qetTq}I¨³s	w`h qegi¦`tT|gi¦wT¨   8 A@  }{©SiutTo={i9q	i9shXv|ogi
v¡¨28¾vxv|o@q	i9svxw`s}ÇiUÉ&q	i9svxw`sXw`s-£!i9xw`o{-q	w   A@  ¥ Fi9qX{{!w~	iKqetTq$/  A@  4 698 :
&2=   8 A@  4  DÆ»Mvz¥Äi~¥$qegiju_w`orq	w`{s-vxs	i9{s	i_	i9o@q	i_¤£@¯«xi9i9S	i9q  wT¨"¨M{ogu9qvxw`o  ¼U¥$Ç¶1¹
»¬)L¼S¨³w`sh{YtTq	i_£r¯µqegig	iwT¨Dxi9i9b	i9qª£!i_u_w`hji_
T   8 A@ 
T @ 4  #+           _ »¬¼
©ªv|qe  #+	  	  £i9v|o{qegixwIutT*u9{s~tTq{s	i¦wT¨Fxi9i9	i9q  ¥D¹Gº@tTqvxw`o»¬¼©"t`S	qg&vxi_j¨­w`sv|og	qtTogu_i¦v|o |~}¸ "È¥¹w`|{qvxw`oÆwT¨Dxi9i9F	i9q	wT¨\¨M{ogu9qvxw`o  »­tTog	wi9w`|{qvxw`oAwT¨u_w`orq	w`{s A@  qe{s	w`{~eAxi9i9.	i9q  ¼´¨Ms	w`h »¬¼"vxªqegixi9i9b	i9qª¨­w`sh{YtTqvxw`o§wT¨hjitToÆu9{s~tTq{s	i
hjw`qvxw`oF¥d"egi-xi9i9Di9q¨­w`sh{YtTqvxw`o¤tT|xwP©£{s	itMIv|o{AtTogÆhji9s~v|o{=¨³s	w`orq	¦©ªe{vxuevx1ogw`q
!w~	v|£{xi´¨³s	w`h ¨³w`sh{YtTqvxw`o«»¬)L¼U¥ O@v|ogu_iu_w`o@q	w`{s   A@  vxs	i9{s	i_	i9o@q	i_j£@¯xi9i9g	i9q  }~©Si
w`o{|¯Kogi_i_Kq	w{gtTq	i¦G¶¦¹ »¬¼Gv|o=totTss	w© £tTog=tTs	w`{og  ¥mpoKqe{vx"ut`	i~}Iqegixi9i9¸	i9q
¨­w`sh{YtTqvxw`o¤»¬¼´u_w`hji_S¨³s	w`h ts	iU¨­w`sh{YtTqvxw`oAwT¨"»¬)L¼Gq	w-qst`u MKqegi1hjw`qvxw`o±wT¨\u_w`orq	w`{s	 A@  ¥´mpoAw`{sut`i~}g©´i&v|s	i_u9q|¯{iU gogitxi9o{~qeÆ¨³{ogu9qvxw`otT G wPi9su_w`o@q	w`{s	[S 
ðÃÄ£r¯
qegig	iwT¨.xi9i9\	i9q 6 
 ÃÄ¥d"egit`		wIu9vYtTq	i_±¹{xi9s¬y btT~stTo{ii_º@tTqvxw`ogxit`±q	w  G¶¦¹ÃÄ
wT¨Dqegi1¨­w`sh
T6 
  8 A@]
T @ 4  # 6 
 6 
   EHG^#6 
  F »­¼
#Sw`hXtTs	i_«q	wµG¶¦¹ »¬¼U}!©´ii9q1¨Ms	w`h»­¼t
UotTq{stT
-otTss	w© £tTogÆ¨³s	w`h qegi-¶1v|st`u
w`!i9stTq	w`sE G ©ªegw~	iG©ªvx&qe-{i9i9og{\w`oqegiG~tT|giGwT¨*K»6¨­w`s6 
 ÃÄb{iU gogi_t`\v|~ogi_&vx	qtTogu_i
v|o¤»­¼¼U¥* \v|g¥Gjegw©qegi½i9s	wxi9i9b	i9qi9w`|{qvxw`o«wT¨.qegi 6 
 ÃÄªqe{s	w`{~eÆG¶¦¹ »­¼U¥
   	
D	,¸
G%'
%1i9s	i9v|o {i_	u9sv|£!iqegi©St_¯ ©´ihXv|o{v|hXv|½i  G v|o »¬¼-©ªv|qe s	i_i_u9qKq	w 6  _9FAFAFA_ 6  ¥ ®¢i
w`£{qtTv|o«t&¯@otThXvxutT.¯I	q	i9h wT¨  u_w`{{xi_AG¶¦¹ÃÄP¥
æ\æ â$U!VUç4ç9è
9 * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
 1 #" c5 1V'*- = 7 : = /;3)#' $	
 5
mÈ¨ #6  _9FAFAFA_ 6  vx	w`|{qvxw`oAwT¨Dqegi¦hXv|o{v|hXv|½PtTqvxw`o§wT¨  G }&qegi9oogi_u_i_	tTsv||¯
T  G
T26 
 4 _3`V# 4 P FAFAFZ<F »­&P¼
® v|qe 1i9{hKtTo{o¤u_w`og&v|qvxw`og$»  + s  8 A@  4. _`8K:cT&¼U}bqegiX¹{xi9s btT~stTo{i$i_ºrtTqvxw`ogt`	w@u9vYtTq	i_q	w  G ~v|i»³	i_i´{!i9og&v¡É¦¨³w`sFhjw`s	i´{i9qtTv|x.tT£!w`{qFqegi´u_w`hX{{qtTqvxw`o-wT¨g{i9sv|~t]y
qv|i_U¼´qegiJ ¨³w`|xwP©ªv|o{$u_w`{{xi_G¶¦¹ÃÄ
T  G
T26 
 4 EHG^#6 
   " 
 2u  
  ) )
 u / 
  # t 6 
 6 
  v Q  t  
 I G#6 
  u P v $ 4 _ # 4 P FAFAFZ
»­~¼
©ªv|qe  #²{i9ogw`qv|o{¤qegi±&v|i9si9ogu_iAw`!i9stTq	w`s}"tTog  #  +Qs	  +Qs	 £i9v|o{¢qegi¢»MhjitTo*¼Xu9{s¬y~tTq{s	i±wT¨¦xi9i9	i9q&6 
 tTqXw`v|o@q8\¥²®¢i=ogw`q	i±qetTqXqegi±q	i9sh E G #6 
O v|o¿»­~¼{i9|v|hXv|q	
t 
UotTq{stT
±£tTogv|o¾©ªe{vxu	eÅqegi=v  ! Ç¶1¹ vxXogw`o¾½i9s	w§`tT|gi_ »6¨­w`s&6 
 ÃÄ£i9v|o{¢	v|~ogi_
&vx	qtTogu_i¦¨M{ogu9qvxw`ogU¼ / 
G 4 698;:<&2=QY6 
  8 A@]  ZbK*D¥
 1 - J)  =% +>151-
®¢iXi9h£i_ »­~¼v|orq	wAt=&¯IotThXvxutTÇ	uegi9hji~}F©´iji9qt=¯I	q	i9h wT¨3 u_w`{{xi_¢i_ºrtTqvxw`og
» # 4 P FAFAFZ¢¼/6 @ : 
 4 6 @
 u  @ t E G #6 
   " 
 +2u  
  ) )
 u / 
  # t 6 
 6 
  v Q  t  
 I G #6 
  u P v $ v _
»­~k¼
©ªegi9s	i  @ vxªqegiq	i9±v|oqv|hji~¥
bi9q'&¿£i-tj~svxÆ©ªv|qe&'|v|ogi_1tTog	 u_w`|{hXog¥1d"egiegw`sv|½w`orqtTÇtTogÆi9sqvxutTD	q	i9gwT¨
&vxu9s	i9qv|½PtTqvxw`o°tTs	i	i9q¦q	w~¥®¢iX	i9xi_u9qtµhKtT|~tT|gi¨­w`s KÇ¥-ªu_u_w`s	&v|o{q	wµqegiXu	egw~i9o
	q	i9¢wT¨"&vx	u9s	i9qv|½PtTqvxw`otTog«¨³w`s 6 
 ÃÄ	gu	e¢qetTq4 6 
 4 P }\t`¦v|qvx1¨­w`sv|~ogi_¢&vx	qtTogu_i¨³{ogu9qvxw`og}©´iutTo	i_i¨Ms	w`h» K~¼qetTqqegi-£tTog	 
G u_w`o@qtTv|og  K u P ³v¡¨cK :	  {v¡É{i9x¥®¢iª{w¦ogw`qhKtMi KA{i_u9s	it`	iq	w=&}~£{{qG©´iª&v|s	i_u9q|¯X	i9q1KAq	wt¦hKtT|{~tT|gi»Mogw`qGq	wIw1	hKtT|
v|ow`s	{i9sq	wXet_ii9ogw`{~eÆ{v¡É&i9xv|o 
G ¨­w`sªqegiutTxu9{|gwT¨.qegi&v¡·¸i9s	i9orqq	i9shjwT¨»­~k¼¼U}
tTogAv|oÆw`{s1iUÉI!i9sv|hji9orq	 K 4 F&¥ Fi9qs	i9hKtTsNMAqetTq©´iv|o{v|qvYtT||¯A	i9qqegi 6 
¬ÃÄq	wK	v|~ogi_
 Ú ) ÙzõTÛ 2 ñbÕØzÛDØzÛUáTöïÕ	Ø.Û¬â]×Uá Uõ
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$  
&vx	qtTogu_iX¨³{ogu9qvxw`og©ªe{vxue°vxu_w`hXhjw`o{|¯¢g	i_¨­w`sxi9i9"	i9q	uegi9hji_¥ 0S{q-t`¨³w`sµ»¬¼U}
Ç¶1¹ÃÄ¦»­¼´tTog§»­~k¼G{wogw`q´hKtTv|o@qtTv|o=qegiqegi1u_w`ogqstTv|orq &6 
  4 P }ItTog$©´i1s	i9~{YtTs|¯ogi_i_$q	w-s	i9~{YtTsv|½i1qegixi9i9!	i9q	6 
 q	w£!i{s	iqegi9¯js	i9hKtTv|o±v|~ogi_µ&vxqtTogu_i¨M{ogu9qvxw`ogP¥
d"e{vxutTo£i{w`ogi¨³w`sªv|ogqtTogu_i£r¯=qegi¦g	iwT¨G¶¦¹ àT
T26 
  8 A@]
T @ 4 M #   #6 
   P u  6 
   _ »­T@¼MI#   £!i9v|o{jqegi1¨³{ogu9qvxw`os	i9q{so{v|o{Kqegiv|~owT¨.qegitTs~{hji9orq¥
%1i9s	i¦vxªqegitT|w`sv|qe{h s	i_{|qv|o{X¨³s	w`h »­~k¼
 y 6 
 	 #4 P FAFAFZ2 y @ @ Q P8 y  # 4 P FAFAFZ      "!$#&% ('*)"+-,? y .      .  /0"	 '1)"+,32 "4". 65  6 
 % 879 :"!$# '*);9,
7 y 4$ 2
O@q	i9 Kvxqegi-v|o{v|qvYtT|v|½PtTqvxw`owT¨Çqegi 6 
ðÃÄP¥d"e{vx1v|o{v|qvYtT|v|½PtTqvxw`ovx1i9s¯±v|hXw`sqtTo@q¥ £t`
v|o{v|qvYtT|v|½PtTqvxw`o«xit`{ªq	wKtX£t`u9Yt`	v¡ utTqvxw`oF¥Sd"egi 6 
 ÃÄutTo£!ihKtTo@tT||¯u	egw~	i9oF}gw`sutTo
£!iKtT{q	w`hKtTqvxutT||¯¢u_w`hX{{q	i_¤¨Ms	w`h tTo¤v|o{v|qvYtTÇ{s	iUyÈi9~hji9orqtTqvxw`o{s	w@u_i_}bw`stT{q	w`hKtTqv¡y
utT||¯«	i9xi_u9q	i_«¨³s	w`h u_w`hX{{q	i_ 
9	i_i_{ 
=»³	i_i-ogiUÉIq	i_u9qvxw`o*¼U¥-d"egiXtT|w`sv|qe{h vxq	w`{!i_
©ªegi9o°qegiKi9w`|{qvxw`o¾wT¨ªqegiK	w`|{qvxw`o²£!i9qÈ©´i_i9o²qÈ©SwAv|q	i9stTqvxw`og-©ªv|qe²s	i_!i_u9qq	w @ vxogw`q
	v|~o{v¡ utTorq}w`sª©ªegi9o«t- {É&i_=hKt]É&v|h{h or{h£i9s1wT¨.v|q	i9stTqvxw`ogvxªs	it`u	egi_¸¥
< = > @? *',.4-   *g* "	 ,.
d"egiw`£g	i9si_«gtTqt utToÆ£!iu_w`ss{{q	i_Æ£r¯Æ&v¡·!i9s	i9o@q1	w`{s	u_i_1wT¨Ç{i9~st`gtTqvxw`oF}!gtT||¯
hjwI{i9xi_±£@¯$qegi¦¨­w`|xw©ªv|o{$|v|ogitTs{i9~st`gtTqvxw`oÆi_º@tTqvxw`o /
d 8  4 AH 8  Q8B »­¼
©ªv|qeY, &U/ ( £!i9v|o{Kqegiw`sv|~v|otT\ogw`oÆogw`vx¯gtTqt&}CA vxqegiv|hX{{x	is	i_	w`og	iwT¨qegi
	¯Iq	i9h}DtTog
B
vxtTo²t`{&v|qv|i±ÀtTg		vYtTo¢ogw`vx	i~¥d"e{vxogw`vx¯v|o&¨³w`shKtTqvxw`outTo¤v|o@q	i9s¬¨³i9s	i
©ªv|qeqegiXu9Yt`v¡ utTqvxw`o¢{s	wIu_i_	tToghKt_¯«v|og&gu_iXhXvx	u9Yt`v¡ i_§{v¡É&i9xP¥ OIw{}bv|ot`{&v|qvxw`o
q	wqegitTsqv|qvxw`o{v|o{XutTtT£{v||v|qp¯}&©´i©StTorq"qegihjw@{i9*q	ws	i9hjwPi¦{i9~st`{i_K{v¡É{i9xS©ªv|qegw`{q
gtThKtT~v|o{±qegi	i9q¦wT¨´i_&i_wT¨Çqegiv|hKtTi©ªe{vxu	e§s	i9{s	i_	i9o@qv|hXw`sqtTo@q¦¨³itTq{s	i_wT¨SgtTqt
æ\æ â$U!VUç4ç9è
 * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
  ¥ 0"t`i_µw`oi_&iUyz{s	i_i9s@v|o{js	i_	q	w`stTqvxw`o.à"È}&©´i¦v|orqs	wI&gu_i¦qegi1¨­w`|xw©ªv|o{¨³{ogu9qvxw`otT /
  G 5_ 6  _9FAFAFA_ 6  4  

/ 
 qr E G #6 
   6 
   8 Q   qr t  
 I G #6 
  u P v )  8
Q  
A " 
 q r IGV#6 
  ~u  
  ) )
  8
Q   qr  AH4u    ) Q  ) q<r 9  h  $ »­~¼
 g{ogu9qvxw`o

,3( / (1:Ávx=ts	i9~{YtTsv|½_v|o{¨³{ogu9qvxw`o ©ªv|qeÂtTq$xit`q$qegiAqÈ©Sw¤¨­w`|xw©ªv|o{
{s	w`!i9sqvxi_ /

 @  et`=t¢º@t`&stTqvxu£!i9et_Ivxw`s$ogitTs @ 4  »  &')$@I@(ÆiU·!i_u9q4¼U}tTog vx
|v|ogitTsw`s{£&yz|v|ogitTs¦¨­w`s @ »11)(I  	"N  " )@(µiU·!i_u9q4¼U¥®¢iutTo« gog§	w`hjiiUÉ{tThX{xi_
wT¨s	i9~{YtTsv|½_v|o{µ¨³{ogu9qvxw`ogv|o à"È¥d"egitTstThji9q	i9s  :( : vx©´i9v|~e@qv|o{±qegis	i_q	w`stTqvxw`o
tTsqwT¨\¨³{ogu9qvxw`otT   G ¥Çd"egihXv|o{v|hXv|½PtTqvxw`oÆwT¨   G ©ªv|qes	i_	i_u9qªq	wÆxit`{ªq	wXqegii_&iUy
{s	i_i9si_s	i_	q	w`stTqvxw`ojwT¨VqtMIv|o{v|orq	wt`u_u_w`{orqGqegiSv|o&¨­w`shKtTqvxw`og~v|i9o£r¯qegi´tTsqv|qvxw`o
q	i9sh »Mqe{v|s	q	i9sh w`o±qegi¦sv|~erqetTog{	vx{iwT¨"»­~¼SqetTqtTqqst`u9q	qegi¦`tT|gi_wT¨ q	wP©StTs	{
qegi1hjitTo±wT¨\qegi¦u9Yt`	i_4¼U}{tTog$qegi1hXv|o{v|hXv|½PtTqvxw`ogwT¨   G ©ªv|qe=s	i_i_u9q"q	w-qegi 6 
 ÃÄ"~v|i_
t$tTsqv|qvxw`o¤wT¨ +`¥-d"egiX¹{xi9s¬y btT~stTo{iKi_º@tTqvxw`ogt`	w@u9vYtTq	i_«q	w=qegihXv|o{v|hXv|½PtTqvxw`o¤wT¨
  G tTs	i /
T   G
T+ 4
 
" 
 I G #6 
  ~u  
  
 Q   A ^  AHu  ? u  )  # t   9           v $4 _Å»­ K~¼
©ªv|qe A ^ £!i9v|o{jqegiu_w`o`¬{rtTq	iwT¨&AX}gtTogµ¨³w`s# 4 P FAFAFZ ©´iet_iT   G
T26 
 4 E G #6 
   " 
 4u  
  ) )
 u / 
  # t 6 
 6 
  v Q   t  
 I G #6 
  u P v $4 F »­$L¼
®¢iXtT|q	i9sotTq	is	i_	w`|{qvxw`ogwT¨»­ K~¼1tTog»­$L¼{o@qv|qegi	w`|{qvxw`o	i9q 5_ 6  _9FAFAFA_ 6  {wIi_
ogw`qªi9w`|itTor¯Ihjw`s	i~¥Gd"egi1s	i_	w`|{qvxw`o±wT¨S»­ K~¼Çvx"{w`ogi1qetTo!MISq	w-qegi1etT¡¨6yÈº@t`&stTqvxu1s	i9`y
{YtTsv|½PtTqvxw`oAhji9qegw@ à&}¸~ ¸£t`	i_±w`o±qegi¦v|o@qs	w@&gu9qvxw`oAwT¨tToAtT&ÉIv||vYtTs¯µ~tTsvYtT£{xi¦s	i9YtTq	i_
q	wµqegi&vx	u_w`o@qv|or{v|qÈ¯	i9q¥ O@¯Iq	i9h»­$L¼vx¦i9h£!i_{i_§v|o¢t$&¯IotThXvxutTG	uegi9hjit`1¨­w`s1qegi
s	i_w`|{qvxw`oAwT¨ª»­~¼"©ªv|qeqegi&¯IotThXvxutTb¯&q	i9h »­~k¼U¥
 
	K !%'G*$ *-¬
®¢ihKt`{iXw`hjiXiUÉI!i9sv|hji9orq	w`o«£!w`qe¢¯Iorqegi9qvxuKtTog§s	itTv|hKtTi_P¥ OIw`hjiKwT¨´qegiogw`vx¯
gtTqtXet_i£!i_i9oAu_w`ss{{q	i_Æ£r¯tToÆt`{&v|qv|iÀtTg	vYtToogw`vxi~¥´d"egiÀtTg	vYtTotTstThji9q	i9s	
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ 6K
wT¨qegi-u9Yt`		i_2
tTog  
» #%4 P FAFAFZ¢¼tTs	i{{w~i_q	wj£!iCMIogw©ªoÆ¨³s	w`h t{s	i9Ivxw`g¦i_qv¡yhKtTqvxw`o«¨­w`s¦v|ogqtTogu_i~¥H gw`stT|Dqegis	i_	{|q	1	egw©ªoegi9s	it]¨³q	i9s}!©´i {ÉLK 4  F&¥|.v|o{v|qvYtT6 
 ÃÄtTs	ii9qªq	wjv|~ogi_&vxqtTogu_i¨M{ogu9qvxw`og¥
mpo¢qegij¨³w`|xwP©ªv|o{g}  (Å©ªv||SqtTog§¨­w`s 
U½i9s	wAxi9i9´	i9q 
XwT¨"¨³{ogu9qvxw`og 6 
 ÃÄ}.tTog , A\{ Ë
5 
¤!9 Ë«s	i9{s	i_	i9orq	qegijhKtT²wT¨qegi Òs	i9~vxw`og-{ss	w`{og{i_°£r¯qegi ' ,OÃÄ}.©ªegw~	ij~s	i9¯
xi9i9b`tT|gi_tTs	i	i9qªq	wqegihjitTo~tT|gi_ 
 ¥
! #" c/ 151' 1(+4:+,-\0' 5
P22  Ï 4 4 Ï 5M Ì Ð\&
	 oc .v|g¥A«©´i=egwP© qegiKhjw`qvxw`o¾wT¨qegi '  OÃÄwT¨¨³{ogu9qvxw`og 6 
 ÃÄqe{s	w`{~e¾G¶¦¹ »­¼U}
vz¥Äi~¥tTstThji9q	i9s	  tTog " 
 tTs	ii9qq	w$½i9s	wj¨­w`s1tT| #Çv|o¾»­~k¼U¥d"e{vx1i9w`|{qvxw`o§s	i
i_u9q	1qegiv|o
ggi9ogu_i±wT¨1xi9o{~qeÅegw`sq	i9o{v|o{q	i9sh  G {iU gogi_v|o »¬ ¼U¥¤®¢iµet_i=v|o{v|qvYtT|v|½i_Åqe{s	i_i
u9v|s	u9{YtTsjtTog²wi9sYtT{{v|o{¢v|~ogi_²&vxqtTogu_i$¨³{ogu9qvxw`og¥; .v|g¥ÆÆ{s	i_i9orq	-qegiKhjw`qvxw`o¾wT¨
qegi ' ,OÃÄ /¦qe{s	i_iju9v|s	u9xi_©ªv|qe¢v|o{v|qvYtT||¯tThjiXst`&v|g¥®¢iXs	i9hKtTsNM§qetTqqegiXi9w`|{qvxw`o
wT¨Çu9v|s	u9{YtTs¦xi9i9	i9q	qe{s	w`{~eÅ»­¼xit`{1q	w$s	i_{|q	¦wT¨ÇtThjiqÈ¯IiqetTou9Yt`	vxutT.hjitTo
u9{s~tTq{s	iXhjw`qvxw`o£@¯Æxi9i9Çi9qtT{{s	wt`ue°{iU gogi_v|o »¬¼ /1qegi ' ,OÃÄs	i9hKtTv|o¤hjwIw`qe
u9v|s	u9xi_©ªegw~	ist`&v|v\tTs	i{i_u9s	it`v|o{g}tTog±qegi9¯µ gotT||¯±e{sv|o!M±t]¨Mq	i9sv|q	i9stTqvxw`o L-¨­w`sw`{s
iUÉ&!i9sv|hji9orq¥
 gs	w`h  \v|g¥ µq	w  .v|g¥&}Fqegiv|o{v|qvYtT6 
 ÃÄtTs	iXu9v|s	u9{YtTsv|~ogi_&vxqtTogu_iX¨M{ogu9qvxw`og}\tTog
©Si{s	i_i9orq1£w`qe§i9w`|{qvxw`owT¨6 
 '  OÃÄtTogA©ªetTq1©´i-utT| 
U{et`	ii9w`|{qvxw`o 
`}vz¥Äi~¥qegi
hjw`qvxw`o¢wT¨´s	i9~vxw`og{ss	w`{og{i_§£r¯Æqegi ' ,OÃÄ¥® egi9o§ogw`q1hji9o@qvxw`ogi_¸}Fqegi-~tT|gi_1wT¨  

tTs	ii_º@tTFq	w P F&¥
	 o  .v|g¥ ¤tTogK .v|g¥ &}"©Si~v|iÆt¢s	i_{|qj¨­w`sKqe{s	i_iÆu9Yt`		i_$©ªegw~	i£!w`{oggtTsvxi_µu_w`o&y
	qv|q{q	i=t 
9dSy|¬{ogu9qvxw`o 
`¥¤d"egiµv|o{v|qvYtTwi9sYtT{{v|o{²tTog°~t`u9{{hs	i9~vxw`ogjtTs	iµ`tTo{vx	e{v|o{
qetTo!M&ªq	wqegiq	i9sh  G tTog±qegis	i9~{YtTsv|qp¯=wT¨Dqegixi9i9bi9q	 6 
 ÃÄvxw`£{qtTv|ogi_=¨³s	w`h G ¥
®¢i=	i_i$qetTqqegiµv|orq	i9s¬¨zt`u_i$£!i9qÈ©Si_i9o u9Yt`	X«tTog²u9Yt`µµvx¨­w`{og¤YtTq	i9sqetToqegi=w`ogi
£!i9qÈ©Si_i9oAu9Yt`	ªktTog±u9Yt`	¦~}&£i_utTgi1wT¨.qegi¦gtTqt-q	i9sh /\qegi¦qstTog	v|qvxw`o±`tT|gi1£!i9qÈ©´i_i9o
u9Yt`jk²» <4  F¼tTog¾u9Yt`	±¢»   4 P F¼-vxe{v|~egi9sXqetTo¾qegi±w`ogi=£!i9qÈ©´i_i9o u9Yt`	j»  ) 4  F¼tTogu9Yt`	~¥®¢i-iUÉ&w~	iw`o .v|g¥CK$tTog; .v|g¥Ljs	i_{|q	¨­w`sqe{s	i_iu9Yt`	i_wT¨´&v¡·¸i9s	i9orqetT!itTog§&v¡¨My
¨­i9s	i9orqu9{s`tTq{s	i~¥X®¢iKu	egwIw~	ijt±hKtT|~tT|gi¨­w`sqegi / 
 ÃÄ¦v|o¤w`s	{i9sq	w=s	i9qsvxi9iKqegiogw`o	hjw@w`qe±£!w`{oggtTs¯±wT¨.qegiu9Yt`kw`£&¬i_u9qw`o±qegisv|~erqetTog{	vx{i~¥
i_{|q	w`o .v|g¥"$tTog< .v|g¥ Xs	i9itT\qegi£!i9et_Ivxw`s1wT¨qegihjw@{i9\©ªegi9oÆ©SiqtTsq©ªv|qe
æ\æ â$U!VUç4ç9è
)L * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
t 
U£t` 
$v|o{v|qvYtT|v|½PtTqvxw`oF¥mÈo{v|qvYtT'  OÃÄ¨³w`su9Yt`	ÆtTog²u9Yt`	kÆtTs	i$ogw`qðg&vxu9vxw`g|¯°	i9q
»³i_iv|o{v|qvYtT '  OÃÄw`o  .v|g¥Ç¼U¥D®¢i¦s	i9hKtTsNMµqetTq"¨Ms	w`hÁv|q	i9stTqvxw`o-q	wv|q	i9stTqvxw`o° &}&qegi
' ,O«wT¨76 ) vxu9{qv|o§qÈ©´wAu9{si_}¸qegi-xiU¨Mqw`ogi-£!i9v|o{u_w`ogqv|q{q	i_§©ªv|qe¢w`o{|¯Æ¨³i9© {v¡É{i9xwPi9s´qegixiU¨Mq´tTsqSwT¨bu9Yt`´&¥d"e{vx´qv|or¯j	i_i_Kvx´ Ku9vxi9o@q"q	w{i9q	i_u9qSqegi£!w`{oggtTs¯KwT¨¸qegi
xiU¨³q1tTsq1wT¨´u9Yt`1&¥¦d"e{vx1{egi9ogw`hji9ot=egw©1qetTq}!i9i9o§v¡¨Gqegii9w`|{qvxw`o§wT¨´qegi+'  OÃÄ
{i9!i9og{ªw`o±qegi¦v|o{v|qvYtT|v|½PtTqvxw`oA	i9qH6 6 
 D9
}&©Si¦et_itu_i9sqtTv|o±q	w`xi9stTogu_i¦¨­w`s"qegiu	egw`vxu_iwT¨
v|o{v|qvYtT\	i9q	¥
P2 8  Ï 5M Ì Ð.&
d"egi±gtTqt«w`o  .v|g¥ ~tTog  .v|g¥ tTs	i=t«ogw`vx	¯¤i9s	vxw`o¾wT¨1gtTqt«qs	itTq	i_ w`oc .v|g¥*&¥
 ÀtTg	vYtToogw`vxiet`£i_i9o¤t`{{i_¢q	w=qegiXw`sv|~otTÇgtTqttTog§qegijv|~otTq	w=ogw`vxistTqvxw
» O 11¼ªv|oÆ~tTsvYtTogu_i_1s	it`u	egi_1y~¥à$.0»  .v|g¥~P¼1tTogyp&¥ =.0»  .v|g¥-¼U¥d"egi~tTsvYtTogu_i
tTstThji9q	i9s	  )
 tTs	ij	i9qq	wqegiX`tT|giKwT¨Sqegi$ÀtTg	vYtTo¢ogw`vx	i~¥Kd"egiXv|o{v|qvYtT|v|½PtTqvxw`o°vxqegi
4tThji¦qetTo=¨³w`s"qegi¦ogw`o±ogw`vx¯=ut`	i~}I£{{qªtTstThji9q	i9s	tTs	i&v¡·¸i9s	i9orq¥´¶gi¦q	w-ogw`vx¯µ{v¡É{i9x}
qegiAgtTqt§q	i9shvxXxwP© `tT|gi_¸¥ dbw¤tw`vxÅqegi{i9q	i_u9qvxw`o wT¨1vx	w`YtTq	i_Å{v¡É&i9x}´qegi=~tT|gi
wT¨"qegixi9o{~qe¤egw`sq	i9o{v|o{Aq	i9sh et`q	w=£!ihgu	e°hjw`s	iXv|hX!w`sqtTorqqetTo¢qegiXgtTqt±q	i9sh
»Mqe{vxxit`{q	wKtº@{v|q	i©ªvx{i~t`u_u9{h s	i9~vxw`oÆtTs	w`{ogAqegidSy|ð{ogu9qvxw`oÆw`o< .v|g¥&}{£{{q©Si
{s	iU¨­i9s	i_Xq	wtw`vxjqegi{i9q	i_u9qvxw`oµwT¨ogw`vx	¯{v¡É{i9x}©ªe{vxueµtTs	i"¨ztTx	itTYtTsh}rqetToKs	i_u_wi9sv|o{
ogw`oju9Yt`v¡ i_{v¡É&i9xU¼U¥.mÈ¨©Si{w¦ogw`qGu	egwIw~	it1e{v|~eX~tT|giS¨³w`s  }`qegii9w`|{qvxw`oKwT¨qegi"½i9s	wxi9i9Gi9q	utTo{s	i9hKtTq{s	i9|¯¢q	w`F¥-®¢i{s	i_	i9orqw`o  .v|g¥µk±t=u_w`hXtTsvxw`o¤£!i9qÈ©´i_i9o¤qegi
hjwI{i9¸©ªv|qegw`{qs	i_q	w`stTqvxw`oAq	i9shj»Mvz¥Äi¦qegi¦hXv|o{v|hXv|½PtTqvxw`oÆwT¨»¬¼¼ªtTog=©ªv|qe±s	i_q	w`stTqvxw`o
q	i9sh »Mvz¥ÄiqegihXv|o{v|hXv|½PtTqvxw`o«wT¨»­~¼"¨³w`s A74  ¼"¨³w`sogw`vx	¯gtTqtjiUÉ&w~	i_Aw`o²»  .v|g¥¦¼U¥
®¢is	i9hKtTsNMXqetTqÇqegis	i_q	w`stTqvxw`oµutTtT£{v||v|qp¯KwT¨¸qegihjwI{i9*iUÉ&{s	i_		i_Kqe{s	w`{~e«»­~¼Dxit`{
q	wjtju9Yt`	v¡ utTqvxw`os	i_{|qu_w`orqtTv|o{v|o{Kxi_ª`t`u9{{h}*tTog±xi_	"!i9sq{s£tTq	i_£!w`{oggtTsvxi_¥
¶tTqtw`o  \v|g¥ 9°tTog  .v|g¥ 6KtTs	iAt§ogw`vx	¯²i9s		vxw`o wT¨gtTqt§qs	itTq	i_ w`oK .v|g¥ KI¥ 
ÀtTg	vYtToogw`vx	i¦et`£i_i9o«t`{{i_q	wXqegiw`sv|~otT\gtTqtKtTog±qegi O 1 vxi_ºrtT¸q	w$k&¥àj.0¦¥
®¢iu	egwIw~	iqegitThjiv|o{v|qvYtT|v|½PtTqvxw`ot`ª¨­w`sqegiogw`oÆogw`vx¯±ut`	iwT¨% .v|g¥ KI¥S®¢iogw`q	iqetTq
qegiXu9Yt`v¡ utTqvxw`o°u_w`o@qtTv|ogtµxw`qwT¨S{ogu9Yt`	v¡ i_{v¡É{i9xw`o¢v|o@q	i9s¬¨­t`u_i_	i9qK»M£{Yt`u1M§{v¡É{i9x
w`oj¨­tTx	iªu_w`xw`s´v|hKtTiw`o  .v|g¥"9@¼U}@tTogµtTx	ww`ojegw`hjw`i9ogi_w`g´s	i9~vxw`og¦»³	i_iªqegiªqp©´w	hKtT|
vxw`YtTq	i_s	i9~vxw`og1w`oAqegi ' ,OÃÄ gotT\s	i_{|q4¼U¥ªd"e{vx MIv|ogwT¨Gv|o{v|qvYtT|v|½PtTqvxw`oF}v|oqegiut`	iwT¨
ogw`vx	¯§gtTqt&}.vxºr{v|q	iji9ogv|qv|ijq	wAogw`vx¯§{v¡É&i9x£i_utTg	i$it`u	e-'  O©Si_i9gwPi9st±©ªvx{i
s	i9~vxw`owT¨ªqegijogw`vx¯¢gtTqt&¥®¢iK	i_i$w`o¤qegi_	iKs	i_{|q	qetTq©´iµutTo¤ogw`q-u	egwIw~	i$tA	i9qwT¨
tTstThji9q	i9s	xit`&v|o{Kq	wKhKtT|xi9s~t`u9{{h s	i9~vxw`og1tTqqegisvxNM=wT¨£i9v|o{Khjw`s	i	i9ogv|qv|iq	w
vxw`YtTq	i_{v¡É&i9xP¥$d"etTqvxqegiXs	it`	w`o¢©ªe@¯©´iKi9s¬¨­w`shji_¤tTogw`qegi9sv|o{v|qvYtT|v|½PtTqvxw`o²{s	wIu_iUy
&{s	i~}g©ªe{vxu	evxtT{q	w`hKtTqvxutTog±xi_		i9og	v|qv|i¦q	wogw`vx	iv|o±qegi	i9og	i¦qetTqqegi¦v|o{v|qvYtT6 
 ÃÄ
tTs	i	©´i_i9{v|o{$wPi9st©ªvx{i9xi_	s	i9~vxw`oÆwT¨Dqegi¦ogw`vx¯µgtTqt&¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ 
 w`sqegi¨­w`|xw©ªv|o{«s	i_{|q	}b©´ijgiKtTo²tT{q	w`hKtTqvxuKv|o{v|qvYtT|v|½PtTqvxw`o²©Sij©ªv||ÇutT|  ËrË Ð 5 4 5 Í
65M 5 &65 Ï 4 ¥d"e{vxhji9qegw@«u_w`ogvxq	1wT¨Gu9{qqv|o{=qegigtTqtKv|hKtTiwT¨*v|orq	w ' ©ªv|og{w©
     wT¨{s	i_{iU gogi_Æ	v|½i~¥´®¢iu_w`hX{{q	iqegi-t_i9stTiFwT¨%+w`o«it`u	eA©ªv|og{wP©	z¥
®¢i¦qegi9oÆ	i9xi_u9qqegi¦v|og{iUÉ
µgu	eAqetTq
 4 Q ' ]`_ P   u  Pd )`¥og±©´iv|o{v|qvYtT|v|½iqegiu_w`ss	i_	w`og&v|o{u9v|s	u9{YtTsXv|~ogi_²&vxqtTogu_i$¨M{ogu9qvxw`ob6=w`oit`u	ez¥Æ® v|og{w©jtTs	i$ogw`q
wPi9sYtT{{v|o{µtTog±it`uewT¨.qegi9hÁvxª{{!w`sqv|o{Kw`ogitTog±w`o{|¯µw`ogi1¨M{ogu9qvxw`oL6}&qegi9s	iU¨­w`s	i
©Siªt_w`vxwi9sYtT{{v|o{wT¨v|o{v|qvYtT*6rÃÄ¥.d"egi´v|½i"wT¨gqegiS©ªv|og{w©Dvx.s	i9YtTq	i_-q	wqegi´hKtT|xi_	q
{i9qtTv|xG©´iiUÉ&i_u9qDq	w{i9q	i_u9q¥d"egi"hKt]w`sÇt_~tTorqtTi_SwT¨*qe{vxG	v|hX{xi"v|o{v|qvYtT|v|½PtTqvxw`oKhji9qegwI
tTs	i/v|qvx-tT{q	w`hKtTqvxu§»³w`o{|¯qegiµv|½ijwT¨qegij©ªv|og{wP©-et`q	wA£ij {É&i_¼U}.v|qt`u_u_i9xi9stTq	i_
qegi¦!i_i_=wT¨.u_w`o@i9si9ogu_iK»MqegihKtT|xi9s"qegi¦©ªv|og{w©}gqegi¨zt`q	i9s"qegi¦u_w`ori9si9ogu_iP¼U}tTog
v|qvxxi_	i9og	v|qv|iq	wjogw`vxiµ»Mv|oÆqegi	i9ogiqetTq1©´i-u_w`hX{{q	iqegit_i9stTi\wT¨*wPi9s
it`ue©ªv|og{wP©£iU¨­w`s	iÇ	i9xi_u9qv|o{1qegi¨³{ogu9qvxw`o 6´©ªegw~	iÇhjitTo-SvxFqegiSu9xw~	i_q.w`ogiGq	w6¼U¥
d"egi§gtTqt²w`o\ \v|g¥ÁtTog\ .v|g¥ 6K°tTs	i«qegi§tThjiÆogw`vx¯ gtTqt°qs	itTq	i_ t`µqegi§w`ogi_
	egw©ªow`o  .v|g¥ª9g}@£{{qª©Si1g	itTo±tT{q	w`hKtTqvxu	i_i_Kv|o{v|qvYtT|v|½PtTqvxw`oA©ªegw~	i¦©ªv|og{w©tTs	i¦wT¨
	v|½i 8 &¥d"egiv|½iwT¨Dqegi©ªv|og{w©1tTs	ihKtT|¸v|oAw`s	{i9sq	wjt_w`vxÆt-xw~	qwT¨.hKtTo@¯={i9qtTv|x
w`o«qegi-£w`{oggtTs¯«wT¨Çqegi-i9sq{s£tTq	i_§etT!iw`oÆqegi-sv|~e@q1etTog{	vx{i~¥d"egi-v|o{v|qvYtTDi_i_{
tTs	ij~s	w©ªv|o{«{orqv|Sqegi9¯«hji9si~¥±i_{|q	tTs	iK£i9qq	i9sqetTo¤qegijw`ogi_-w`£{qtTv|ogi_¢©ªv|qe°qegi
v|o{v|qvYtT|v|½PtTqvxw`o«	i9qwT¨  \v|g¥9g¥
! - 	 ' 0) +#- 0'*5
	 sv|~otTgtTqt«w`o  .v|g¥ )L§tTs	i  m¦hji_&vxutTª£{stTv|oÅgtTqt«u_w`orqtTv|o{v|o{¢u9Yt`		i_XwT¨{s	iUy
i_	qv|hKtTq	i_tTstThji9q	i9s	 
ªtTog  
¥®¢i{s	i_	i9o@q-t=u_w`xw`su9Yt`v¡ utTqvxw`o¤s	i_{|qtTog¢qe{s	i_i
	q	i9gwT¨qegi '  OAtTog{et`	ii9w`|{qvxw`oÆw`£{qtTv|ogi_Æ©ªv|qe«tTo«tT{q	w`hKtTqvxu	i_i_v|o{v|qtT|v|½PtTqvxw`o
»³w`o±©ªv|og{wP©wT¨v|½i 8 ¼U¥
¶tTqtw`o  .v|tTog  \v|jXtTs	i OI 	 d 4tTq	i9||v|q	i¦v|hKtTi_ª{s	wIvx{i_±£r¯$qegiH {s	i9ogu	e O@t`u_i
i9ogu9¯ # ¹0O¥G .v|ju_w`o@qtTv|ogGu9Yt`	i_D©ªegw~	iªtTstThji9q	i9s	G©Si9s	ii_qv|hKtTq	i_Xv|o à"È}@tTog
©Siet_iK Xu9Yt`		i_"¨­w`s .v|K©ªegw~	i¦tTstThji9q	i9s	©´i9s	i~v|i9oA£r¯tToAiUÉ&i9sq»³	i_i |kM¼U¥
æ\æ â$U!VUç4ç9è
 * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o² 
v|q	i9stTqvxw`o§k v|q	i9stTqvxw`o 
v|q	i9stTqvxw`o K v|q	i9stTqvxw`o L
 .v|~{s	iS/b¹Gw`|{qvxw`ojwT¨gqegi´qe{s	i_i'  OÃÄP¥.DtTstThji9q	i9s	  tTog " 
 v|o=»­~k¼.tTs	i"	i9q.q	w½i9s	w¨­w`stT| #%4 P FAFAFZ¥ 	 o{|¯±qegixi9o{~qe§egw`sq	i9o{v|o{µq	i9sh vxqtMi9oÆv|o@q	w$t`u_u_w`{orq / / 
 4 P  F-`#	}tTog  @ 4 F 
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ &
class 3
class 2
class 1
class 3
class 2
class 1
w`sv|~v|otTbgtTqt v|o{v|qvYtT '  OÃÄ u9Yt`		v¡ utTqvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o«k v|q	i9stTqvxw`o K
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o«~k v|q	i9stTqvxw`oÆk~
 .v|~{s	i  / ' ,OÂi9w`|{qvxw`o ¨­w`s±qe{s	i_i¢u9Yt`		i_°»   4 P F&}H ) 4  FÅtTog0 4  F¼U¥DtTstThji9q	i9s	¦tTs	i /  4  F&}  @ 4  F  }tTog=¨­w`stT|5#G©Siet_i / 
 4 P F$tTog " 
 4  F&¥´d"egiu9Yt`v¡ utTqvxw`os	i_{|q-w`o²q	w`sv|~erqetTog{vx{iµvxt±¨ztTx	iµu_w`xw`sv|hKtTiµ©ªegw~	i$£{Yt`u1M²u_w`xw`s
s	i9{s	i_i9orq	{ogu9Yt`v¡ i_±{v¡É{i9x»M{v¡É&i9xwT¨.~t`u9{{h$¼U¥
æ\æ â$U!VUç4ç9è
~ * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o«k v|q	i9stTqvxw`o K
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o°k v|q	i9stTqvxw`o¤
v|q	i9stTqvxw`oÆ~k v|q	i9stTqvxw`o«$L v|q	i9stTqvxw`oÆk~
 .v|~{s	i /Çet`	ii9w`|{qvxw`oÆt`	w@u9vYtTq	i_q	w  \v|g¥ &¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ ~k
class 1
class 2
class 3class 3
class 2class 1
class 3
w`sv|~v|otTbgtTqt v|o{v|qvYtT '  O
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`oA 
v|q	i9stTqvxw`o¤6K v|q	i9stTqvxw`o¤
v|q	i9stTqvxw`o v|q	i9stTqvxw`oÆT 
v|q	i9stTqvxw`o°  v|q	i9stTqvxw`o«&
 .v|~{s	i K / '  OAi9w`|{qvxw`oÆ¨­w`sqe{s	i_iu9Yt`	i_-»   4 P n F&}^ ) 4 P   F±tTog'4 P   F¼U¥DtTstThji9q	i9s	¦tTs	i /  4   F&}  @ 4 F  }tTogµ¨³w`stT| #G©´ieti / 
54 F P tTog " 
 4 F P ¥
æ\æ â$U!VUç4ç9è
T * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`oA 
v|q	i9stTqvxw`o¤6K v|q	i9stTqvxw`o¤
v|q	i9stTqvxw`o v|q	i9stTqvxw`oÆT 
v|q	i9stTqvxw`o°  v|q	i9stTqvxw`o«&
u9Yt`	v¡ utTqvxw`o
 .v|~{s	i L /Get`	ii9w`|{qvxw`oÆt`	w@u9vYtTq	i_±q	w  .v|g¥0KI¥ \t`qª g~{s	ivx"qegi¦¨ztTx	iu_w`xw`su9Yt`v¡ {y
utTqvxw`oAs	i_{|q©ªegw~	i¦£{Yt`u M=u_w`xw`ss	i9{s	i_	i9orq	{ogu9Yt`	v¡ i_±{v¡É{i9x»M{v¡É{i9xwT¨D`t`u9{{h$¼U¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ 
class 3
class 2
class 2
class 1
class 3
class 2
class 3
class 1
w`sv|~v|otTbgtTqt v|o{v|qvYtT '  O #´Yt`	v¡ utTqvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o  v|q	i9stTqvxw`o¤ 
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o« v|q	i9stTqvxw`oÆ$L
v|q	i9stTqvxw`o  v|q	i9stTqvxw`o« v|q	i9stTqvxw`o²k
 .v|~{s	i¤ / ' ,OÂi9w`|{qvxw`o ¨­w`s±qe{s	i_i¢u9Yt`		i_°»   4  F&}H ) 4 P FÅtTog0  4  F¼U¥DtTstThji9q	i9s	¦tTs	i /  4  F&}  @ 4  F  }tTog=¨­w`stT|5#G©Siet_i / 
 4 F µtTog " 
 4  F&¥´d"egi¨ztTx	iu_w`xw`s1v|hKtTiw`oÆq	w`Asv|~e@qetTog{vx{ivxqegiu9Yt`	v¡ utTqvxw`o«s	i_{|q©ªegw~i£{Yt`u Mu_w`xw`s
s	i9{s	i_i9orq	{ogu9Yt`v¡ i_±{v¡É{i9x»M{v¡É&i9xwT¨.~t`u9{{h$¼U¥
æ\æ â$U!VUç4ç9è
~ * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o  v|q	i9stTqvxw`o¤ 
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o« v|q	i9stTqvxw`oÆ$L
v|q	i9stTqvxw`o  v|q	i9stTqvxw`o« v|q	i9stTqvxw`o²k
 .v|~{s	ij  /Çet`	ii9w`|{qvxw`o§t`		wIu9vYtTq	i_=q	w  \v|µ&¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$  K
class 3
class 2
class 1
class 3
class 2
class 1
ogw`vx¯=gtTqt v|o{v|qvYtT '  O u9Yt`	v¡ utTqvxw`o
'  O=i9w`|{qvxw`o
{et`	ii9w`|{qvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o²  v|q	i9stTqvxw`o L
 .v|~{s	i°~/ 1w`vx¯²i9s	vxw`o »6y~¥à¤.0ª¼jwT¨gtTqt{s	i_	i9o@q	i_ w`oK .v|g¥   ' ,O tTog¾{et`i
i9w`|{qvxw`oµwT¨qegi6 
 ÃÄ¨³w`sqe{s	i_iu9Yt`		i_»   4 P F&}  ) 4  FtTog4  F¼¥D.tTstThji9q	i9s	tTs	i /  4 F&}  @ 4  F  }!tTog¨­w`s1tT| #´©Sieti / 
 4   F$tTog " 
 4 P F&¥d"egi¨ztTx	iu_w`xw`sv|hKtTiw`oÆq	w`Æsv|~erq1etTog{vx{ivxqegiu9Yt`v¡ utTqvxw`oÆs	i_	{|q©ªegw~	i£{Yt`u1MAu_w`xw`s1s	i9{s	i_	i9orq	
{ogu9Yt`v¡ i_±{v¡É{i9x»M{v¡É&i9xwT¨.~t`u9{{h$¼U¥
æ\æ â$U!VUç4ç9è
$L * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
class 2
class 3
class 1
class 3
class 2
class 1
ogw`vx¯=gtTqt v|o{v|qvYtT '  O u9Yt`	v¡ utTqvxw`o
'  O=i9w`|{qvxw`o
{et`	ii9w`|{qvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o²  v|q	i9stTqvxw`o°k
 .v|~{s	i° / 1w`vx¯²i9s	vxw`o »6yp&¥ ².0ª¼jwT¨gtTqt{s	i_	i9o@q	i_ w`oK .v|g¥   ' ,O tTog¾{et`i
i9w`|{qvxw`o±wT¨bqegi 6 
 ÃÄ´¨³w`sSqe{s	i_i¦u9Yt`		i_¦»   4 P F&}  ) 4  FtTog>4  F¼U¥Ç.tTstThji9q	i9s	tTs	i /  4 P  F&}  @ 4 F  }{tTogj¨­w`sªtT|V#.©´i1eti / 
 4 P   FXtTog " 
 4 P F&¥d"egi¨ztTx	iu_w`xw`sv|hKtTiw`oÆq	w`Æsv|~erq1etTog{vx{ivxqegiu9Yt`v¡ utTqvxw`oÆs	i_	{|q©ªegw~	i£{Yt`u1MAu_w`xw`s1s	i9{s	i_	i9orq	
{ogu9Yt`v¡ i_±{v¡É{i9x»M{v¡É&i9xwT¨.~t`u9{{h$¼U¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ ~
class 2
class 3
class 1
class 3
class 2
class 1
ogw`vx¯=gtTqt v|o{v|qvYtT '  O
©ªv|qegw`{qs	i_	q	w`stTqvxw`o
©ªv|qes	i_q	w`stTqvxw`o
v|q	i9stTqvxw`o°   gotT '  OÃÄ u9Yt`	v¡ utTqvxw`o
 .v|~{s	i°k / 1w`vx¯i9s	vxw`o »6yp&¥ ².0ª¼XwT¨gtTqt¢{s	i_	i9orq	i_ w`oK .v|g¥ &¥ #Sw`hXtTsvxw`o wT¨
qegis	i_{|q	~v|i9o±¨³s	w`h qegihXv|o{v|hXv|½PtTqvxw`o§wT¨»¬¼U}{vz¥Äi~¥G©ªv|qegw`{qs	i_q	w`stTqvxw`oF}w`oqegiq	w`
etTog{	vx{i~}tTog¾¨³s	w`h qegihXv|o{v|hXv|½PtTqvxw`o wT¨K»­~¼U}ªvz¥Äi±©ªv|qe s	i_q	w`stTqvxw`oÂu_w`{{xi_Åq	w¤qegi
u9Yt`v¡ utTqvxw`oF}@w`oK£w`qq	w`hetTog{vx{i~¥D®¢i{s	i_	i9o@qÇqp©´w-q	i9gGwT¨¸qegi '  OÃÄSi9w`|{qvxw`oF}&tTog
qegiu9Yt`v¡ utTqvxw`oAs	i_{|q	tTs	i¦¨­tTxiu_w`xw`sv|hKtTi_¥
æ\æ â$U!VUç4ç9è
k * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
ogw`vx¯=gtTqt» O 1 ¦k&¥à.0¼ u9Yt`		v¡ utTqvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`oÆ 
v|q	i9stTqvxw`o²  v|q	i9stTqvxw`o
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o§$L
 .v|~{s	i±9/ 1w`vx¯§gtTqt /¦ogw`vx¯Ai9s	vxw`o°wT¨SgtTqt={s	i_	i9o@q	i_¢w`o  .v|g¥'K§» O  ¦k&¥à=.0¼U¥
' ,Oji9w`|{qvxw`oµ¨­w`sÇqe{s	i_i1u9Yt`		i_´©ªv|qe$hKtTo@tTv|o{v|qvYtT|v|½PtTqvxw`oF¥Ç.tTstThji9q	i9s	tTs	i /  4   F&} @ 4 F  }gtTogµ¨³w`stT|^#D©´i¦eti / 
 4 F  tTog " 
 4 Fn P ¥Gd"egi1¨ztTx	i¦u_w`xw`s"v|hKtTiw`o=q	w`sv|~e@qXetTog{vx{i=vxqegi=u9Yt`	v¡ utTqvxw`o¾s	i_{|qX©ªegw~i$£{Yt`u M²u_w`xw`sXs	i9{s	i_i9orq	X{ogu9Yt`		v¡ i_
{v¡É{i9x»M{v¡É{i9xwT¨D`t`u9{{h$¼U¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ k&
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`oA 
v|q	i9stTqvxw`o²  v|q	i9stTqvxw`o 
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`oÆ$L
 .v|~{s	ij  /Çet`	ii9w`|{qvxw`oÆt`	w@u9vYtTq	i_q	w  \v|g¥9g¥
æ\æ â$U!VUç4ç9è
k~ * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
ogw`vx¯=gtTqt» O 1 ¦k&¥à.0¼ u9Yt`		v¡ utTqvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o² 
v|q	i9stTqvxw`oÆk v|q	i9stTqvxw`oÆ
 .v|~{s	i± / 1w`vx¯§gtTqt /¦ogw`vx¯Ai9s	vxw`o°wT¨SgtTqt={s	i_	i9o@q	i_¢w`o  .v|g¥'K§» O  ¦k&¥à=.0¼U¥
' ,O²i9w`|{qvxw`oÅ¨­w`sXqe{s	i_i±u9Yt`		i_X©ªv|qeÅ	i_i_v|o{v|qvYtT|v|½PtTqvxw`o »³w`oÅ©ªv|og{w©$wT¨¦	v|½i 8 ¼U¥
DtTstThji9q	i9s	tTs	i$/  4   F&}  @ 4  F  }btTog«¨­w`stT|%#"©Siet_i / 
 4  F  tTog " 
 4  Fn P ¥d"egi-¨ztTx	iu_w`xw`sv|hKtTiXw`oq	w`sv|~erqetTog{vx{ivx¦qegiXu9Yt`	v¡ utTqvxw`os	i_{|q©ªegw~i£{Yt`u1M
u_w`xw`ss	i9{s	i_	i9orq	{ogu9Yt`	v¡ i_±{v¡É{i9x»M{v¡É{i9xwT¨D`t`u9{{h$¼U¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ k~k
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o
v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o° 
v|q	i9stTqvxw`oÆk v|q	i9stTqvxw`o«
 .v|~{s	ij6K /Çet`	ii9w`|{qvxw`oÆt`	w@u9vYtTq	i_q	w  \v|g¥&¥
æ\æ â$U!VUç4ç9è
kT * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
gtTqt #´Yt`	v¡ utTqvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o¤  v|q	i9stTqvxw`o«
 .v|~{s	iÆ)L /  m£{stTv|o°gtTqtÆu_w`orqtTv|o{v|o{§Au9Yt`	i_©ªv|qe	i_i_v|o{v|qvYtT|v|½PtTqvxw`oF¥A®¢iKegwP©
qe{s	i_iKq	i9gwT¨´qegi '  O¾»Mq	w`*¼tTog{et`i»M£w`qq	w`h$¼¦i9w`|{qvxw`ogP¥jd"egiju9Yt`	v¡ utTqvxw`o¤s	iUy
	{|qvx¦tX¨ztTx	i-u_w`xw`s¦v|hKtTi©ªegw~i£{Yt`u MÆu_w`xw`s1s	i9{s	i_	i9orq	¦{ogu9Yt`		v¡ i_Æ{v¡É{i9xX»M{v¡É&i9x¦wT¨
~t`u9{{h$¼U¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ k
OI 	 d¿gtTqt u9Yt`v¡ utTqvxw`o
v|o{v|qvYtT|v|½PtTqvxw`o v|q	i9stTqvxw`o v|q	i9stTqvxw`o«k
 .v|~{s	i¢ / OI 	 d tTq	i9||v|q	i±v|hKtTiAu_w`o@qtTv|o{v|o{°°u9Yt`		i_j©ªv|qe 	i_i_¾v|o{v|qvYtT|v|½PtTqvxw`o »³w`o
©ªv|og{wP©wT¨"v|½ij8Ç¼ /1®¢iXegw© qe{s	i_iKq	i9gwT¨Sqegi ' ,O»Mq	w`*¼tTog§{et`	i»M£!w`qq	w`h$¼
i9w`|{qvxw`ogP¥Gd"egiu9Yt`	v¡ utTqvxw`oÆs	i_{|qªvxt¨ztTx	iu_w`xw`sv|hKtTi~¥
æ\æ â$U!VUç4ç9è
k~ * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
OI 	 d gtTqt
'  Oµs	i_	{|q u9Yt`		v¡ utTqvxw`os	i_{|q
 .v|~{s	i / OI 	 d¿4tTq	i9||v|q	iv|hKtTiu_w`o@qtTv|o{v|o{« ju9Yt`		i_ª©ªv|qe«	i_i_±v|o{v|qvYtT|v|½PtTqvxw`o¾»M©ªv|o&y
{wP©wT¨v|½i 8 ¼U¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ k K
  ) ,.4	
®¢iet_i{s	i_	i9orq	i_±t`tTsvYtTqvxw`otThjw@{i9£t`	i_$w`oKxi9i9!	i9qG¨­w`sh{YtTqvxw`oµ¨­w`sÇv|hKtTi1u9Yt`¬y
	v¡ utTqvxw`oF¥.d"egi"xi9i9gi9q\¨­w`sh{YtTqvxw`o$vxGt©St_¯-q	w¦s	i9{s	i_	i9o@qGs	i9~vxw`ogÇtTog	i9qGwT¨*v|o@q	i9s¬¨­t`u_i_
©ªv|qe¢t$u_w`orqv|o@gw`g¨³{ogu9qvxw`o§{iU gogi_wPi9s¦qegi©ªegw`xi{{!w`sqwT¨Çqegi-v|hKtTi~¥d"egi-hXv|o&y
v|hXv|½PtTqvxw`o wT¨1qegi±¨M{ogu9qvxw`otTxit`{jq	w¤ti9qjwT¨¦u_w`{{xi_ G¶¦¹ÃÄj©ªe{vxue tTs	iAu_w`og	vx{i9s	i_
qe{s	w`{~eAt&¯IotThXvxutTF	uegi9hji~¥G¹Çt`u	eÆG¶¦¹¾vx"~{vx&v|o{$txi9i9F	i9qS¨M{ogu9qvxw`o«t`u_u_w`s	&v|o{jq	w
v|o@q	i9sotT!¨³w`s	u_i_»Mxi9o{~qe±hXv|o{v|hXv|½PtTqvxw`o*¼U}tTog±iUÉIq	i9sotT¸w`ogi_»³gtTqt-q	i9sh}&ogw~t`u9{{h tTog
ogws	i9~vxw`o$wi9sYtT{{v|o{@¼U¥Çi_{|q	´w`oj£w`qe$¯@o@qegi9qvxutTogj4tTq	i9||v|q	iv|hKtTi_´tTs	i~v|i9oF¥.®¢i
tTxw{s	w`w~it©"t_¯KwT¨¸v|o@qs	w@&gu9v|o{jt¦s	i_q	w`stTqvxw`o=utTtT£{v||v|qÈ¯$v|ojqegihjwI{i9z¥  .v|s	qÇs	i_	{|q	
tTs	i{s	w`hXvxv|o{g}*tTogA©´i©ªv||\qg&¯±hjw`s	i{s	i_u9vx	i9|¯=qe{vxhjwI{i9bv|o±¨³{q{s	i©Sw`sNM¥  {{sqegi9s
©Sw`sNM©ªv||&tTxw£!iÇu_w`og&gu9q	i_q	w{itT@©ªv|qeqegi´i_qv|hKtTqvxw`o-wT¨gqegi´u9Yt`	\tTstThji9q	i9s	"»M{og	&y
!i9sIvx	i_Ku9Yt`		v¡ utTqvxw`o*¼U¥®¢i1tTxwi9o@@vxtTi1q	w-iUÉIq	i9og$qe{vxShjw@{i9q	wh{|qvx!i_u9qstT¸gtTqt
»M©ªv|qe«tT{{|vxutTqvxw`ogq	wh{|qv|£tTogAtTq	i9||v|q	igtTqtXtTogAtT{{|vxutTqvxw`ogq	wXu_w`xw`sv|hKtT~v|o{@¼U¥
= , > 	-(G%'G*
®¢i1qetTo!Mµvxi9ss	iw`so{{s	w`£gq¨³w`s"qegi¦¯Iorqegi9qvxugtTqt-egw©ªow`o  .v|g¥GtTog$¨³w`s"egi9|&¨³{|
u_w`hXhji9o@q	¥ ®¢i«tTxw¤qetTo!MÅqegi {s	i9ogue O@t`u_i§i9ogu9¯# 1¹0O¨­w`sK{s	wP@vx&v|o{ OI 	 d
4tTq	i9||v|q	iv|hKtTi_P}@qegiÀ¦&sªmNOIm OX¨­w`sSw`sv|~v|otTFgtTqt-w`o  .v|g¥ KI}&tTog=¶1s¥¶¦w`shjw`orq"¨³s	w`h \t
Gv|qvx O&tT|9qsvxf9s	i %w~	{v|qtT!¨³w`sª{s	wP@vx&v|o{  mÇgtTqt&¥
æ\æ â$U!VUç4ç9è
k$L * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
= -KG- 	
®¢i{i_u9sv|£iqegiv|orq	i9shji_&vYtTq	iutTxu9{|gq	wXw`£{qtTv|o°»­~¼´¨³s	w`h »¬¼U¥
 gs	w`h »¬~P¼U}b»¬¼ªtTog¤»¬ ¼´©SiutTo±©ªsv|q	i
 G #6  _9FAFAFA_ 6   4  G #6  _9FAFAFA_ 6   Q ! G #6  _9FAFAFA_ 6   Q G #6  _9FAFAFA_ 6  4 qQr  G #6  _9FAFAFA_ 6  _N6  _9FAFAFA_N&6 _8   8Q.qQr   G #6  _9FAFAFA_ 6  _N6  _9FAFAFA_N&6 _8   8Q q r  G #6  _9FAFAFA_ 6  _N6  _9FAFAFA_N&6 _8   8
mÈ¨ #6  _9FAFAFA_ 6  vx	w`|{qvxw`oAwT¨Dqegi¦hXv|o{v|hXv|½PtTqvxw`o§wT¨  G }&qegi9oogi_u_i_	tTsv||¯
T  G
T26 
 4 _`V# 4 P FAFAFZ
tTog=qegi¹G{xi9sbtT~stTo{ii_º@tTqvxw`og"¨­w`si9i9s¯ #4 P FAFAFZ »M©ªv|qei9{hKtTo{oAu_w`og&v|qvxw`ogw`oTV&¼´xit`{q	w
 
T  G
T6 
 4 T   GT6 
 u  # t T   GT &6 
 v
4  E G #6 
    
 I G #6 
O u P 
 
T%  G
T26 
 4 T   GT26 
 u  # t T   GT#6 
 v
4 T*IGT26 
 #6 
O   u 
  ) )

4 E G #6 
 +2u  
  ) )

 
T  G
T26 
 4 T   GT6 
 u  # t T   GT#6 
 v
4 / 

 E G #6 
   6 
 Mu  #,E G #6 
  6 
 6 
   $
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ k~
tTogv¡¨8 47 859_8 )  :<& ©´ieti
 #,E G #6 
  6 
 6 
   4 TT.8  4E G #6 
  6 
 6 
   Q TT.8 ) ,E G #6 
  6 
 6 
  4 T2E GT26 
 #6 
  T6 
T+8  6 
 6 
  Q T2E GT26 
 #6 
  T6 
T+8 ) 6 
 6 
  Q EHG^#6 
   # 6 
 6 
  4 E G #6 
   6 
  Q E G #6 
   # &6 
 &6 
  
qe@g}
T% G
T26 
 4@u E G #6 
   # 6 
 6 
N 
æ\æ â$U!VUç4ç9è
  * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
  !_ G,.
| XÀ¥ 0ªtTsxi_} %-¥  ¥ OIw`ogi9s}ÇtTog.¥Ä¹¥ OIw`{rtTo{vx&vx¥  \s	w`o@q{s	w`tTrtTqvxw`o tTog¤{et`i
 i9x±qegi_w`s¯¥  %     ( * G"N $ 	 @& R6$}{k&/ rk~ rK`&}b~~k&¥
à"  ¥0"i9sqegw@¸} '.¥ tTq	w{}IO¥GF}tTog
	g¥'i9s{£{vYt&¥/0ªt_¯i_	vYtTo-v|hKtTi"u9Yt`		v¡ utTqvxw`o-g	v|o{
 tTsNMwPµstTog{w`h  i9x{¥0%#&')(I   ;# * &S	@(~}¸9»M@¼ /à$L I~~k&}.~~&¥
àk" #1¥Ä¥ 0Sw`{hKtTotTog  ¥ O@etT{v|s	w{¥ h{|qvx	utTxi-stTog{w`h  i9xÆhjwI{i9b¨­w`s0ªt_¯i_	vYtTo
v|hKtTiÇ	i9~hji9o@qtTqvxw`o¥%N   "N! (  %#&')(I "N)/ ###@(~}k /|~ *6K$KI}  tTs	u	eµ~Tg¥
  Ñ ¥ #"t`	i9|xi_}  S¥ #"tTqq	i~}´d¥ #Sw`|z}´tTog  S¥D¶1v|£!w~¥_ i_w`hji9qsvxu±hjw@{i9S¨­w`sjt`u9qv|i
u_w`orq	w`{s	¥ &  " ; /    $@ &'$]}~ /| Ik&~}F~~k&¥
 " Ñ ¥!#"t`	i9|xi_P}T¥ ¦v|hXhji9z}~tTog-À¥DO&tT{v|s	w{¥PÀ¦i_wI{i_vxuÇt`u9qv|i´u_w`orq	w`{s	¥%#G  " $
 (B  * &S	  " E $}{~{»¬P¼ /à& K`&}b~ KI¥
à"-\¥ #´etTs£!w`o{o{vxi9s} G¥ 0´YtToguUyO D9stTg¸}\ÀX¥*{£i9sq}¸tTog  ¥ 0ªtTsYtTg¸¥¶1i9q	i9shXv|o{vx	qvxu
i_&iUyz{s	i_	i9s@v|o{§s	i9~{YtTsv|½PtTqvxw`oÅv|ou_w`hX{{q	i_v|hKtT~v|o{¥=%N  !"N! (  %#&')(I
" 6/ #  ;(~}*{»­¼ /à~$L Ik&~~} gi9£{stTs¯¢~ KI¥
 K!-¥D¶¦i_	u_w`h£!i_}´¥  w`ssvxP}´tTog	g¥ 'i9s{£{vYt&¥DOIw`hji=v|hX{s	wi9hji9o@q	Kq	w0ªt_¯i_	vYtTo
v|hKtTi-i9~hji9orqtTqvxw`oF¥¸ÇtTsqw`ogi /hjwI{i9||v|o{g¥»Mv|oÆ¨³s	i9ogu	e*¼¥ "N@  &' G   -(¡}
9»M@¼ /àk K`k Ik$L~&}b~ KI¥

L"-¥D¶¦i_	u_w`h£!i_}´¥  w`ssvxP}´tTog	g¥ 'i9s{£{vYt&¥DOIw`hji=v|hX{s	wi9hji9o@q	Kq	w0ªt_¯i_	vYtTo
v|hKtTi´	i9~hji9o@qtTqvxw`oF¥`ÇtTsq\qp©´w+/Fu9Yt`		v¡ utTqvxw`oF¥&»Mv|o¨Ms	i9ogue*¼¥!"N  &  G   -(¡}
9»M@¼ /àk$L~k Ik~&}b~ KI¥
à" G¥"#1¥¹~tTog\tTog¥9 "¥]ÀtTsvxi9@¯¥!   N#"N @N"#"C .   	"N#	! "  #   /) %$¬¥
#S # Gs	i_	}F~~&¥
| " G¥ #1¥{¹~tTogtTog&	g¥GO@{sgu1M!¥'  w`qvxw`owT¨Dxi9i9F	i9q	"£r¯µhjitToAu9{s~tTq{s	i~¥{m	m¥( " $! (
 C@ S&' "#/1   $@! &'$/   )/ )"~}k~k{»¬P¼ /àk~& Ik~k~&}.~~&¥
|~  O¥¦À¦i9hKtTo tTog À¥1i9¯Iogw`x{¥*"#Sw`ogqstTv|ogi_ s	i_q	w`stTqvxw`o tTog qegi°s	i_u_wPi9s¯ wT¨
&vx	u_w`orqv|o@{v|qvxi_¥ %N   "   ( + $  " -S$,"#; $   I/ I@  %#G  ; ( / 9}
9»­k¼ /àk~ K.Ik$L~k&}b~~&¥
|"  ¥ t`	}Ç¥.® v|qNM@v|oF}ÇtTog¾¶¥Ddbi9s½w`!w`{xw~¥-DO@otMi_$/µt`u9qv|iu_w`o@q	w`{sXhjw@{i9x.¥
%#G  " $  (   * &S	  "  ;#}¸/àk~& Ik~k&~}F$L KI¥
1 ë.æ 1 Þ
 
	 !"#$%#&')(+*,-## .0/1$ g
|k" '.¥ tTq	w{¥   ;"1#   $" $)$ &')I  @( "/ &S	  " )E $ ( 	 	 /1 
   (  ;&')( )(&  G   $  ;$
 "1 /   (; T¥Geg¶ qegi_	vx}o{v|i9s		v|q	
{i vxu_iUy OIw`{e{vYtKo@qv|w`|vx}+ {stTogu_i~}F~Tg¥
|9 O¥ ¦vxuegi9ot`	tTh¯}¥ ¦{hKtTs}{\¥ 	 |i9s}{-¥@d.tTo{ogi9or£tT{h}tTogµ-¥Çi9½_½_v 	s¥ "#Sw`o&y
¨³w`shKtTu9{s`tTq{s	i 
w© /b¨³s	w`h {et`	iqstTogv|qvxw`og´q	wt`u9qv|i@vxvxw`o¥ S"N/  ( $
  N/  ( S)(x}!kT/à K Ik&~}.~~&¥
| " O¥ btMI	e{hKtTotTo tTog-%¥¶¦i9sv|oF¥DO@v|h{|qtTogi_w`g$tTstThji9q	i9sKi_qv|hKtTqvxw`o tTog 	i9`y
hji9orqtTqvxw`o§wT¨ÇÀ¦v|£{£gstTog{w`h  i9x{gv|o{µv|h{YtTq	i_«tTo{ogitT|v|o{¥S%N    " $! ( $
 $  " $S ," EC    / I; S%#G  ; ( / 9}\~/ K`~ L&k&}{~gq$L~&¥
|"-¥  tT|Yt`&vz}!	¥Ä¥ OIi9qe{vYtToF}.tTog-0¦¥ #1¥ Ñ i9h{svz¥ ¹w`|{qvxw`otTs¯«¨³s	w`orq	1¨­w`s1q	w`!w`xw`~¯
v|og{i9i9og{i9o@q-etT!iXhjwI{i9|v|o{«tTog¤s	i_u_wi9s¯ ¥µmpo "N)/!(  '@	$"N  * * F}!tTi_
k *k&}O@q	w@u M@egw`|h} O@©´i_{i9oF}b~Tg¥
|6K! 01¥  tTo`¬{otTqe tTog ¥ #´egi9|YtT{t&¥ 
og{!i9s@vx	i_q	iUÉ&q{s	i	i9~hji9o@qtTqvxw`o g	v|o{
 tTsNMwP$stTog{w`hÁ i9x{hjw@{i9x¥ %N    " $! (B& $  "  S "D EC    / ; 
%#G  @-(I /#9}Fk / KL rIL~&}  t_¯~&~¥
|)L" O¥ 	 egi9sGtTog
	g¥Ä-¥ OIi9qe{vYtToF¥ 9 .s	w`o@q	D{s	w`tTrtTqv|o{©ªv|qeu9{s~tTq{s	iª{i9!i9og{i9orqG!i_i_
/1tT|w`sv|qe{hj£t`	i_w`oqegi+%1tThXv||q	w`o&y	rt`u_w`£{vÇ¨³w`sh{YtTqvxw`o¥$ (  * &S	 $
0"#/ U}GK` /| rr&}\$L$L&¥
|" ¥DtTstT~vxw~ªtTogK¥~¶1i9svxuegi~¥ ]À¦i_w@{i_	vxut`u9qv|is	i9~vxw`ogÇ¨³w`sÇq	iUÉIq{s	i	i9~hji9orqtTqvxw`o¥
m 1mð i_itTs	u	e i9w`sqÅªypkT~ Á»Merqq /]©ª©ª©¥ v|o{svYt&¥ ¨³sTDd]{{£{|vxutTqvxw`og¬y
i9o{g¥ erqhX6¼U} 	{ogij~$L&¥
à"-d¥F.t@|vx&vxXtTog ¥ yÈd¥ Fvxw©¥ mÈo@q	i9~stTqv|o{Æs	i9~vxw`o°~s	w©ªv|o{tTog¤i_&iK{i9q	i_u9qvxw`o¥
mÈo"N)/!(  S%N   *   ¦}!$L$L&¥
à& -¥{w`o&¨ztTs	¸¥ i9~vxw`o&yz£t`i_qstTq	i9~vxi_¨³w`st`u9qv|iu_w`orq	w`{shjwI{i9x¥ %#G  " $
 (B  * &S	  " E $}!k{»­¼ /à~~ I&~}\~Tg¥
à~" #1¥ O&tThj	w`oF} Ç¥ 0SYtToguUyO D9stTg¸}ÆÀ¥-{£!i9sq}±tTog 	g¥ 'i9s{£{vYt&¥ _mphKtTi u9Yt`v¡y
 utTqvxw`o gv|o{t `tTsvYtTqvxw`otT§tT{{s	wt`u	e¥ m 1mð i_	itTs	u	e i9!w`sq ypk~~k
»Merqq /]©ª©ª©¥ v|o{svYt&¥ ¨³sTDd]{{£{|vxutTqvxw`og¬yÈi9o{g¥ e@qhj6¼U} 	 u9q	w`£!i9s~$L&¥
à~k" #1¥O&tThj	w`oF} Ç¥0SYtToguUyO D9stTg¸}!À¥{£!i9sq}*tTog	¥ 'i9s{£{vYt&¥ 6O@v|h{|qtTogi_w`g1v|hKtTi
u9Yt`	v¡ utTqvxw`o²tTog¢s	i_q	w`stTqvxw`o°g	v|o{Æt=~tTsvYtTqvxw`otT"tT{{s	wt`ue¥±mÈo"N)/!(   %N  
*  ¦}	~{ogi$~~&¥
æ\æ â$U!VUç4ç9è
r * I" E  #	G  &  $ "N -/	
 " ! ;@ #S1 " # , "  
àT  ¥ O@g	hKtToF}.¥ O@hji9s	i M`t&}tTog O¥ 	 egi9s¥  xi9i91i9q=tT{{s	wt`ue ¨­w`s$u_w`hX{{q¬y
v|o{A	w`|{qvxw`ogq	wv|ogu_w`hX{s	i_	v|£{xijqp©´wTyz{et`	i 
w©¥  (   * &S	 $$'0" / 9}
~9/|9r * ~&}b~Tg¥
à" %y X¥ '*et`w{}¦d¥ #´etToF}0¦¥  i9ssv|hKtToF}tTog O¥ 	 	egi9s¥ _ `tTsvYtTqvxw`otTxi9i9	i9q
tT{{s	wt`u	e q	w§h{|qv|{et`	ihjw`qvxw`o 
`¥  ( * &S	 $ 0" / 9} K /|6K` *&}
~~&¥
à~" O¥ #1¥ '*e@=tTog$¥G{v||xi~¥ mporq	i9~stTqv|o{-s	i9~vxw`oK~s	w©ªv|o{jtTog$i_&i{i9q	i_u9qvxw`o¥ %N  
!"N! ( $&    "# S$,"#;C'   / I@ %#G  @ (I / 9}\)L{»­¼ /
L$LT I&}b~~&¥
1 ë.æ 1 Þ
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
